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TITLE OF THE INVENTION 

ACTIVE VIBRATION SUPPRESSION APPARATUS, CONTROL METHOD THEREFOR, 
AND EXPOSURE APPARATUS HAVING ACTIVE 
VIBRATION SUPPRESSION APPARATUS 

FIELD OF THE INVENTION 

[0001] The present invention relates to an active vibration suppression method and 

apparatus which are suited to realizing the excellent performance of an apparatus by stably 
and quickly suppressing vibrations such as rigid-body vibrations and structural resonance 
produced in a structure forming a semiconductor exposure apparatus, an exposure apparatus 
using the same, and the like. 




BACKGROUND OF THE INVENTION 

[0002] With an increase in the precision of a semiconductor exposure apparatus, a 

vibration isolation/suppression apparatus with higher performance has been required. In a 
semiconductor exposure apparatus, in particular, it is required to prevent vibrations that affect 
exposure from being produced in an exposure stage or a structure forming an exposure 
apparatus body. For this purpose, the exposure apparatus body must be insulated from 
external vibrations,, including vibrations from an apparatus mount pedestal such as a floor a as 



much as possible, and vibrations produced when equipment^ having a driving means such as 
an X-Y stage mounted on the apparatus main body A operates^ must be quickly reduced. 
[0003] If structural resonance vibrations are produced in an apparatus/equipment 

mounted on the exposure apparatus body, and a sufficient damping property is not ensured, 
these resonance vibrations must also be effectively reduced/suppressed to prevent them from 
affecting the apparatus performance. 

[0004] In the semiconductor exposure apparatus, in particular, the intermittent, 

repetitive operation^ called step-and-repea^ of the exposure stage apparatus or scanning 
operation for scanning exposure excites vibrations^ in the apparatus body. The drive reaction 
force generated by the stage apparatus and the load movement of the stage apparatus excite 
vibrations in equipment or a structure that forms the apparatus body. For a vibration 
isolation/suppression apparatus in this field, therefore, it is essentially required to insulate the 
apparatus body from external vibrations including vibrations from an apparatus mount 
pedestal such as a floor, and to effectively reduce/suppress rigid-body vibrations and 
resonance vibrations produced in the apparatus body when the equipment mounted on the 
apparatus body operates. In a scan exposure apparatus, in particular, since exposure is 
performed while an exposure stage apparatus performs a scanning operation, severe 
requirements are imposed on vibration reduction/suppression performance. Therefore, a 
vibration isolation/suppression apparatus with higher performance becomes indispensable. 
[0005] To satisfy such a requirement, various types of active vibration 

isolation/suppression apparatuses have been developed and put into practice, which detect the 
vibrations of a vibration isolation base on which a semiconductor exposure apparatus is 



mounted by using a sensor, to compensate for the resultant detection signal for the vibrations, 
and to feed back the resultant signal to each actuator for applying a control force to the 
vibration isolation base, thereby actively suppressing vibration. 
[0006] As a conventional vibration isolation/suppression apparatus for a 

semiconductor exposure apparatus, an active vibration isolation apparatus based on the 
vibration isolation leg scheme for reducing/suppressing the vibrations of the vibration 
isolation base by using a support mechanism for vibration-suppressing/supporting the 
vibration isolation base has been widely used. More specifically, a vibration isolation 
apparatus has been widely used, which controls the vibrations of the vibration isolation base 
by using actuators formed by air springs for supporting the vibration isolation bas e d base on 
an apparatus mount pedestal or a combination of such air springs and electromagnetic 
actuators that are placed dynamically parallel to the air springs to apply a control force 
between the vibration isolation base and the apparatus mount pedestal. 
[0007] An active vibration isolation apparatus of this type and a semiconductor 

exposure apparatus using this vibration isolation apparatus are disclosed in "Vibration 
Isolation Apparatus, Exposure Apparatus and Device Manufacturing Method using the Same, 
and Vibration Isolation Method", Japanese Patent Laid-Open No. 1 1-294520 proposed by the 
present applicant. According to this prior art, an active vibration isolation apparatus 
configured to reduce/suppress the vibrations of a vibration isolation base is disclosed, which 
uses air springs, as air actuators, which support the vibration isolation base on an apparatus 
mount pedestal, and also uses electromagnetic linear motors for applying a control force 
between the vibration isolation base and the apparatus mount pedestal. In this apparatus, each 



actuator is controlled on the basis of the a signal obtained by detecting any displacement, 
acceleration, or the lik^ of the vibration isolation base using a sensor and performing a 
compensation computation for the signal, the such as a signal being obtained by 
compensating for a signal from equipment having a driving means such as an X-Y stage 
mounted on the vibration isolation base, the a signal being obtained by detecting the 
vibrations of the apparatus mount pedestal and performing a compensation computation for 
the resultant signal, or the like. This apparatus realizes excellent vibration 
isolation/suppression performance, which the active vibration isolation apparatus based on 
the pneumatic driving scheme widely used in the past does not have, by respectively 
allocating control functions to air actuators capable of easily obtaining a large thrust and 
electromagnetic actuators with excellent response pr o pe rty properties in consideration of the 
merits of the two types of actuators. 

[0008] An active vibration suppression apparatus A called an active mass damper or a 

countermass A tends to be used in the field of precision vibration control as well, which is 
designed to perform vibration control more finely than such an active vibration isolation 
apparatus based on the vibration isolation leg scheme and to realize more sophisticated 
vibration isolation/suppression control by driving an inertial load serving as a weight by using 
an actuator and using the resultant drive reaction force as a control force. 
[0009] Such conventional active vibration suppression apparatuses are disclosed in 

"Active Vibration Suppression Apparatus and Semiconductor Exposure Apparatus Using the 
Same", Japanese Patent Application No. 11-151141 filed by the present applicant, "Stage 
Apparatus, Exposure Apparatus using the Same, and Device Manufacturing Method", 



Japanese Patent Laid-Open No. 1 1-190786, "Active Vibration Suppression Apparatus", 
Japanese Patent Application No. 2000-122731 filed by the present applicant, and the like. 
Methods and apparatuses for reducing/suppressing vibrations are also disclosed in these 
references. 

[0010] Fig. 17 is a perspective view for explaining the structure of a vibration 

suppression apparatus proposed as "Active Vibration Suppression Apparatus and 
Semiconductor Exposure Apparatus Using the Same", Japanese Patent Application No. 
11-151141. This vibration suppression apparatus is configured to drive a mass serving as a 
weight in the straight direction by using an actuator for generating a thrust in the straight 
direction. The apparatus shown in Fig. 1 7 suppresses vibrations in the vertical direction. 
[0011] This apparatus is comprised of a linear- acting actuator 81 such as an 

electromagnetic linear motor and an inertial load 82 driven by the linear-acting actuator 81 in 
the straight direction. Fig. 17 shows an example of the apparatus using an electromagnetic 
linear motor as a linear- acting actuator, which generates a thrust in the straight direction 
indicated by the arrow in Fig. 17 by the interaction between a stator 81a having a coil winding 
and a movable part 81b fixed to the inertial load 82 and having a permanent magnet. The 
linear-acting actuator 81 is fastened to a vibration suppression target through a base member 
83 and generates a thrust to displace the inertial load 82 with respect to the vibration 
suppression target. When the linear-acting actuator 8 1 is caused to generate a thrust to 
displace the inertial load 82, the reaction force of the thrust acting on the inertial load 82 acts 
on the vibration suppression target. 



[0012] Fig. 18 shows an example of the structure of a vibration suppression apparatus 

that acts to reduce vibrations in the horizontal direction by a similar method. Like the 
apparatus shown in Fig. 17, this apparatus is comprised of a linear-acting actuator 84 such as 
an electromagnetic linear motor, an inertial load 85 driven in the straight direction by the 
linear-acting actuator 84, and the like. Fig. 18 shows an example of the apparatus using an 
electromagnetic linear motor as a linear-acting actuator, which generates a thrust in the 
straight direction indicated by the arrow in Fig. 1 8 by the interaction between a stator 84a 
having a coil winding and a movable part 84b fixed to the inertial load 85 and having a 
permanent magnet. The linear-acting actuator 84 is fastened to a vibration suppression target 
through a base member 86 and generates a thrust to displace the inertial load 85 with respect 
to the vibration suppression target. When the linear-acting actuator 84 is caused to generate a 
thrust to displace the inertial load 85, the reaction force of a thrust acting on the inertial load 
85 acts on the vibration suppression target. 

[0013] An active vibration suppression apparatus of this type uses such a reaction 

force as a control force for a vibration suppression target, and adjusts the control force on the 
basis of the a signal obtained by compensating for a detection signal representing the 
vibrations of the vibration suppression target, thereby performing vibration control. That is, 
unlike an active vibration isolation apparatus based on the vibration isolation leg scheme, this 
apparatus can reduce the vibrations of a vibration isolation base or equipment without 
applying any unnecessary force as the reaction force of a control force for vibration control to 
a portion outside the apparatus. This apparatus* therefore* has the merit of preventing the 
reaction force of a force for the reduction/suppression of vibrations from exciting vibrations 



in an apparatus mount pedestal or peripheral environment^ which cause vibrations affecting 
precision equipment mounted on the vibration isolation base. 

[0014] An apparatus of this type is configured to obtain a force acting on a vibration 

suppression target from a drive reaction force of an inertial load in a vibration suppression 
unit instead of being generated between external equipment and a vibration suppression 
target. If, therefore, the vibration suppression apparatus can be manufactured into an 
appropriate shape, a vibration suppressing effect can be obtained by applying locating the 
apparatus to a place where a dashpot used to reduce the structural resonance vibrations of 
equipment or a reinforcing member for ensuring rigidity cannot be installed. 
[0015] In actually using an active vibration suppression apparatus of this type for 

applying a control force to a vibration suppression target by using a linear-acting actuator, an 
inertial load and its movable stroke must be appropriately designed in consideration of a 
control force necessary for the reduction of vibrations, the frequency band of vibrations to be 
suppressed, and the like. 

[0016] Assume that the vibrations of a vibration suppression target which originate 

from the drive reaction force produced by equipment such as an X-Y stage are reduced by 
using an active vibration suppression apparatus of the type described above with reference to 
Figs. 17 and 18. In this case, to obtain a control force required to suppress vibrations, an 
apparatus having an inertial load mass and a movable stroke equal to or similar to those of the 
X-Y stage must be used. However, since an allowable space is limited, a mass and movable 
stroke sufficient to obtain a predetermined vibration suppressing action and effect may not be 
not ensured. 



[0017] Assume that vibrations to be suppressed by an active vibration suppression 

apparatus of this type are the resonance vibrations of a structure having a relatively high 
resonance frequency, and a large mass or stroke are not required to suppress the vibrations of 
the structure itself. Even in this case, if equipment such as an X-Y stage operates on a surface 
plate A or the lik^ rigidly fastened to a vibration suppression target, a vibration isolation base 
on which the X-Y stage,, and the like a are mounted vibrates at a low frequency corresponding 
to the natural frequency of a vibration system constituted by support legs of the vibration 
isolation base. As a consequence, the structure as the vibration suppression target also 
vibrates at the low frequency. In such a case, due to the influence of the low-frequency 
vibrations produced in the vibration isolation base and the structure as the vibration 
suppression target, the inertial load as a part of the active vibration suppression apparatus may 
greatly swing and operate beyond its movable stroke. 

[0018] If the stroke of the inertial load causes strok e over is limited due to such 

restrictions on the specifications of the structure of the vibration suppression apparatus, the 
generation of vibrations of frequency components other than the control target, or the like, 
may prevent a sufficient vibration suppressing effect cannot b e from being obtained. 
Furthermore, the inertial load may collide with a member such as a stopper, which is placed 
to prevent the inertial load from exceeding the stroke range . This may create [[,]] to give a 
large shock to the vibration suppression control system, resulting in a control operation 
failure. In contrast to this, if the control gain is suppressed to prevent an inconvenience 
caused by stroke over, a necessary control effect cannot be ensured. 



[0019] Under the these circumstances, an active vibration isolation apparatus based 

on the vibration isolation leg scheme that has been widely used in a semiconductor exposure 
apparatus,, and the like^ is configured to apply a control force to a vibration isolation base or a 
member rigidly fastened to the base. That is, the apparatus is configured to reduce/suppress 
the vibrations of the vibration isolation base or surface plate on which various types of 
equipment constituting an exposure apparatus are mounted. In this case, if equipment and 
structures are rigidly fastened to the vibration isolation base or surface plate fhtt, and no 
structural resonance occurs, the vibrations of the mounted equipment and structures can be 
satisfactorily reduced/suppressed by the vibration isolation apparatus based on the vibration 
isolation leg scheme. 

[0020] In many cases, in an actual apparatus, however, structural resonance vibrations 

are produced in mounted equipment and structures due to various restrictions on equipment 
design, and a satisfactory damping property cannot be provided for the resonance vibrations. 
In addition, when heavy equipment and structures are fastened to the vibration isolation base 
or surface plate ftet, a spring/mass system may be form formed due to insufficient fastening 
rigidity, and vibrations may be produced at a level that cannot be neglected in ensuring 
satisfactory apparatus performance. 

[0021] When such vibrations are produced in a mounted equipment and structures, 

even if the vibrations of the vibration isolation base or surface plate are reduced/suppressed, 
those of these equipment and structures cannot be sufficiently suppressed. This affects the 
behavio r precision of the apparatus and degrades the exposure performance. In a 
semiconductor exposure apparatus, in particular, some structure needs to have a cantilever 
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support structure in terms of equipment layout design, and swinging vibrations are produced 
around the fulcrum of the structure, affecting the performance of the semiconductor exposure 
apparatus. 

[0022] The vibrations of mounted equipment/structure of this type can be 

reduced/suppressed by interposing a dashpot for providing a damping property between the 
external equipment and the vibration suppression target or by attaching a reinforcing member 
for ensuring rigidity. However, such a member cannot be attached because of restrictions on 
the equipment layout design in many cases. For this reason, vibrations such as structural 
resonance of equipment/structure cannot be sufficiently suppressed, and such vibrations often 
become big factors that hinder an improvement in the performance of a semiconductor 
exposure apparatus. Therefore, demands have arisen for a means/method of effectively 
reducing/suppressing £i) rigid-body vibrations and structural resonance of equipment/structure 
equipment/structures having severe restrictions on the layout design, and for a semiconductor 
exposure apparatus having the means/method. 

[0023] In addition, with an increase in the precision of a semiconductor exposure 

apparatus, it is required to further reduce the influence of environmental vibrations of an 
apparatus mount pedestal and the like. In order to meet such a requirement, a control method 
has been proposed and applied to the above active vibration isolation apparatus based on the 
vibration isolation leg scheme, which compensates for a detection signal representing the 
vibrations of an apparatus mount pedestal for these vibrations and feeding forward the 
resultant signal to an actuator for applying a control force to a vibration isolation base. 
According to this method, the actuator is made to generate a control force to cancel out 



vibrations transmitted from the apparatus mount pedestal to the vibration isolation base 
through vibration isolation legs on the basis of a detection signal representing the vibrations 
of the apparatus mount pedestal. This method can reduce/suppress the amount of vibrations 
transmitted from the apparatus mount pedestal much more than the control scheme using only 
a detection signal representing the vibrations of the vibration isolation base. 
[0024] This control operation is, however, performed by using a detection signal 

representing the vibrations of a floor or apparatus mount pedestal, i.e., a detection signal 
representing a physical quantity including many uncertainties in terms of the generation 
mechanism of vibrations. For this reason, owing to various uncertainties acting in an 
apparatus mount environment, unpredictable, uncertain signals may be fed forward to the 
control system. That is, this control method has a weak point in the reliability of vibration 
control operation. 

[0025] Such a problem can be effectively solved by a method of reducing vibrations 

transmitted to the exposure apparatus body by suppressing the vibrations of a structure itself 
on the apparatus pedestal on which the semiconductor exposure apparatus is installed. In 
consideration of such a point as well, demands have arisen for a means/method of 
reducing/suppressing vibrations of types that are not suited to a vibration isolation apparatus 
based on the vibration isolation leg scheme. 

[0026] In the prior art associated with Japanese Patent Application No. 11-151 141^ 

and the like, there is no detailed description about a vibration suppression method and an 
apparatus aimed at removing the vibrations of a structure as a part of a semiconductor 
exposure apparatus, more specifically, the vibrations of a cantilever support structure as a part 
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of a semiconductor exposure apparatus, a structure on the mount pedestal side on which 
vibration isolation legs for vibration-isolating/supporting a semiconductor exposure apparatus 
are mounted, and the like^ as in the apparatus according to the present invention. In "Active 
Vibration Suppression Apparatus", Japanese Patent Application No. 2000-122731, and 
Japanese Patent Laid-Open No. 1 1-190786, a vibration suppression apparatus for a 
semiconductor exposure apparatus is described. Basically, however, such references are 
limited to the disclosure of vibration suppression methods and apparatuses aimed at 
suppressing rigid-body vibrations such as the vibrations of a vibration isolation base or 
surface plate as a part of an exposure apparatus body. 

SUMMARY OF THE INVENTION 
[0027] The present invention has been proposed to solve the conventional problems. 

[0028] It is the first object of the present invention to provide an active vibration 

suppression apparatus and a control method therefor which solve the above problems caused 
when severe restrictions are imposed on the movable stroke, mass, and the like,, of an inertial 
load in an active vibration suppression apparatus using an actuator, can realize both a 
vibration suppressing effect and stable operation upon production of large vibrations, and can 
obtain maximum vibration suppression performance under the restrictions. 
[0029] It is the second object of the present invention to provide an active vibration 

suppression apparatus which can stably and quickly suppress vibrations of the types that 
cannot be sufficiently reduced/suppressed by a conventional vibration isolation apparatus 
based on the vibration isolation leg scheme or vibrations of the types that are not suited to the 
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application of the vibration isolation apparatus based on the vibration isolation leg scheme 
and has a structure in which the restrictions on the equipment layout design are not severe, 
and a high-performance exposure apparatus using the active vibration suppression apparatus. 
[0030] More specifically, it is the third object of the present invention to effectively 

reduce/suppress vibrations of the types that fall outside the application range of conventional 
techniques, e.g., local vibrations such as structural resonance caused in a cantilever support 
structure as a part of an exposure apparatus or structural vibrations that are not produced in an 
exposure apparatus body^ but are produced in a structure on the mount pedestal on which the 
apparatus is mounted, as well as rigid-body vibrations caused in a structure as a part of a main 
body structure such as a semiconductor exposure apparatus. 

[0031] In order to achieve the above objects, according to the present invention, there 

ar e provided the following apparatuses* and the like* to-be are described in detail below. 
[0032] An active vibration suppression apparatus according to the present invention 

comprises: an actuator which is fixed to a vibration suppression target and generates a thrust; 
an inertial load which is connected to the actuator and is driven relative to the vibration 
suppression target in accordance with the thrust generated by the actuator; and a driving 
circuit for generating a driving command signal for controlling driving of the inertial load and 
driving the actuator in accordance with the driving command signal, wherein the actuator 
drives the inertial load with the generated thrust, and applies a drive reaction force generated 
upon driving of the inertial load as a control force to the vibration suppression target, thereby 
reducing vibrations produced in the vibration suppression target. 



- 14- 



[0033] Preferably, in the above active vibration suppression apparatus^ the actuator 

generates a thrust in a straight direction to drive the inertial load in the straight direction, and 
reduces vibrations of the vibration suppression target in the straight direction with a drive 
reaction force in the straight direction. 

[0034] Note that a vibration suppression unit of the type that applies a control force to 

a vibration suppression target by driving an inertial load in the straight direction will be 
referred to as a linear-acting vibration suppression unit hereinafter. 

[0035] Preferably, the above active vibration suppression apparatus further comprises: 

a vibration detection unit for detecting vibrations of the vibration suppression target; and a 
compensation computation section for performing compensation computation processing for 
a signal corresponding to the vibrations of the vibration suppression target which are detected 
by the vibration detection unit. 

[0036] In this case, preferably, in the above active vibration suppression apparatus i 

the compensation computation section performs a nonlinear compensation computation for 
the signal corresponding to the vibrations of the vibration suppression target which are 
detected by the vibration detection unit. 

[0037] Preferably, in the above active vibration suppression apparatus^ the driving 

circuit generates a driving command signal for driving the actuator on the basis of a signal 
obtained by the compensation computation section, and the actuator generates a control force 
for reducing the vibrations of the vibration suppression target by driving the inertial load on 
the basis of the driving command signal. 
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[0038] Preferably, in the above active vibration suppression apparatus* the 

compensation computation section performs a linear compensation computation including at 
least one of proportional compensation, integral compensation, differential compensation, 
phase-lead compensation, and phase-lag compensation for a signal corresponding to the 
vibrations of the vibration suppression target which are detected by the vibration detection 
unit, and further performs a nonlinear compensation computation for a signal having 
undergone the linear compensation computation. 

[0039] Preferably, in the above active vibration suppression apparatus* the nonlinear 

compensation computation is described by a nonlinear function which is a monotonously 
increasing or decreasing function and outputs a signal obtained by multiplying an input signal 
by a gain whose absolute value decreases as a value of the input signal separates from a 
neutral point of the input signal. 

[0040] Preferably, in the above active vibration suppression apparatus* when 

equipment having driving means is mounted on the vibration suppression target, or the 
equipment having the driving means is fastened to the vibration suppression target with high 
rigidity, and the driving means of the equipment vibrates the vibration suppression target, the 
apparatus further comprises a feedforward compensation computation section for receiving 
one of a signal obtained by measuring operation of the equipment having the driving means 
and a control signal from a control section for the equipment and performing feedforward 
compensation computation processing for the signal, the driving circuit generates a driving 
command signal for driving the actuator on the basis of an output signal from the feedforward 
compensation computation section, and the actuator drives the inertial load on the basis of the 
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driving command signal, thereby generating a control force for reducing the vibrations of the 
vibration suppression target. 

[0041] In this case, preferably, in the above vibration suppression apparatus.! the 

feedforward compensation computation section performs a nonlinear compensation 
computation for one of the signal obtained by measuring the operation state of the equipment 
having the driving means and the control signal from the control section for the equipment. 
[0042] Preferably, in the above active vibration suppression apparatus,, the 

feedforward compensation computation section performs a linear compensation including at 
least one of proportional compensation, integral compensation, differential compensation, 
phase-lead compensation, and phase-lag compensation for the signal obtained by measuring 
the operation state of the equipment having the driving means and the control signal from the 
control section for the equipment, and further performs a nonlinear compensation for a signal 
having undergone the linear compensation computation. 

[0043] Preferably, in the above active vibration suppression apparatus.! the nonlinear 

compensation computation is described by a nonlinear function which is a monotonously 
increasing or decreasing function and outputs a signal obtained by multiplying an input signal 
by a gain whose absolute value decreases as a value of the input signal separates from a 
neutral point of the input signal. 

[0044] In addition, according to the present invention, there is provided a control 

method for an active vibration suppression apparatus comprising: the detection step of 
detecting a signal corresponding to vibrations of a vibration suppression target by using a 
vibration detection unit; the acquisition step of performing processing to acquire an operation 
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signal obtained by measuring an operation state of equipment having driving means and/or a 
control signal from the equipment; the first computation step of performing a first nonlinear 
compensation computation for the signal detected in the detection step; the second 
computation step of performing a second nonlinear compensation computation for the signal 
acquired in the acquisition step; and the control step of driving an actuator and generating a 
control force for reducing the vibrations of the vibration suppression target on the basis of the 
signal having undergone the nonlinear compensation computation in the first and/or second 
computation step. 

[0045] Furthermore, an active vibration suppression apparatus according to the 

present invention comprises: a rotating actuator which is fixed to a vibration suppression 
target and generates a torque in a rotational direction; an inertial load which is connected to 
the actuator and moves in the rotational direction relative to the vibration suppression target 
in accordance with a torque of the actuator; and a driving circuit for generating a driving 
command signal for controlling the inertial load and driving the rotating actuator in 
accordance with the driving command signal, wherein the rotating actuator rotates/drives the 
inertial load with a generated torque, and reduces vibrations produced in the vibration 
suppression target by applying a drive reaction force generated upon rotating/driving the 
inertial load as a control torque to the vibration suppression target. 

[0046] Preferably, the above active vibration suppression apparatus further comprises: 

a rotational vibration detection unit for detecting vibrations of the vibration suppression target 
in a rotational motion direction; and a rotational vibration compensation computation section 
for performing compensation computation processing for a signal corresponding to the 
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rotational vibrations of the vibration suppression target which are detected by the rotational 
vibration detection unit. 

[0047] Preferably, in the above active vibration suppression apparatus^ the driving 

circuit generates a driving command signal for driving the rotating actuator on the basis of the 
signal obtained by the rotational vibration compensation computation section, and the rotating 
actuator rotates/drives the inertial load on the basis of the driving command signal, thereby 
generating a control torque for reducing the vibrations of the vibration suppression target. 
[0048] Preferably, in the above active vibration suppression apparatus A when 

equipment having driving means is mounted on the vibration suppression target, or the 
equipment having the driving means is fastened to the vibration suppression target with high 
rigidity, and the driving means of the equipment vibrates the vibration suppression target, the 
apparatus further comprises a second feedforward compensation computation section for 
receiving one of a signal obtained by measuring operation of the equipment having the 
driving means and a control signal from a control section for the equipment and performing 
feedforward compensation computation processing for the signal, the driving circuit generates 
a driving command signal for driving the actuator on the basis of an output signal from the 
second feedforward compensation computation section, and the actuator drives the inertial 
load on the basis of the driving command signal, thereby generating a control torque for 
reducing the vibrations of the vibration suppression target. 

[0049] Preferably, the above active vibration suppression apparatus comprises rigidity 

providing means functioning to restore the inertial load to a predetermined a neutral position. 
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[0050] According to the present invention, there is provided a control method for an 

active vibration suppression apparatus comprising: the detection step of detecting a signal 
corresponding to vibrations of a vibration suppression target in a rotational direction by using 
a vibration detection unit; the acquisition step of performing processing to acquire an 
operation signal obtained by measuring an operation state of equipment having driving means 
and/or a control signal from the equipment; the first computation step of performing a first 
nonlinear compensation computation for the signal detected in the detection step; the second 
computation step of performing a second nonlinear compensation computation for the signal 
acquired in the acquisition step; and the control step of driving an actuator and generating a 
control torque for reducing the vibrations of the vibration suppression target on the basis of 
the signal having undergone the nonlinear compensation computation in the first and/or 
second computation step. 

[0051] An exposure apparatus according to the present invention comprises: a stage 

apparatus having a substrate or master plate as an exposure target mounted thereon and 
performing precision positioning operation; and an active vibration suppression apparatus 
which acts on a surface plate on which the stage apparatus is mounted or an exposure 
apparatus housing structure mounted on the surface plate to reduce vibrations in the surface 
plate or the exposure apparatus housing structure in a translation direction which are 
produced upon driving of the stage apparatus, the active vibration suppression apparatus 
including an actuator which is fixed to the surface plate or an exposure apparatus housing 
structure and generates a thrust, an inertial load which is connected to the actuator and is 
driven relative to the surface plate or exposure apparatus housing structure in accordance with 



-20- 



the thrust generated by the actuator, and a driving circuit for generating a driving command 
signal for controlling driving of the inertial load and driving the actuator in accordance with 
the driving command signal, wherein the actuator drives the inertial load with the generated 
thrust, and applies a drive reaction force generated upon driving of the inertial load as a 
control force to the surface plate or exposure apparatus housing structure to reduce vibrations 
produced in the surface plate or the exposure apparatus housing structure. 
[0052] An exposure apparatus according to the present invention comprises: a stage 

apparatus having a substrate or master plate as an exposure target mounted thereon and 
performing a precision positioning operation; and an active vibration suppression apparatus 
which acts on a surface plate on which the stage apparatus is mounted or an exposure 
apparatus housing structure mounted on the surface plate to reduce vibrations of the surface 
plate or exposure apparatus housing structure in a rotational direction which are produced 
upon driving of the stage apparatus, the active vibration suppression apparatus including a 
rotating actuator which is fixed to the surface plate or exposure apparatus housing structure 
and generates a torque in a rotational direction, an inertial load which is connected to the 
actuator and moves in the rotational direction relative to the surface plate or exposure 
apparatus housing structure in accordance with a torque of the actuator, and a driving circuit 
for generating a driving command signal for controlling the inertial load and driving the 
rotating actuator in accordance with the driving command signal, wherein the rotating 
actuator rotates/drives the inertial load with a generated torque, and reduces vibrations 
produced in the surface plate or the exposure apparatus housing structure by applying a drive 
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reaction force generated upon rotating/driving the inertial load as a control torque to the 
surface plate or exposure apparatus housing structure. 

[0053] An exposure apparatus according to the present invention comprises: a stage 

apparatus having a substrate or master plate as an exposure target mounted thereon and 
performing precision positioning operation; a first active vibration suppression apparatus 
which acts on a surface plate on which the stage apparatus is mounted or an exposure 
apparatus housing structure mounted on the surface plate to reduce vibrations of the surface 
plate or the exposure apparatus housing structure in a translation direction which are 
produced upon driving of the stage apparatus; and a second active vibration suppression 
apparatus for reducing rotational vibrations of the surface plate or the exposure apparatus 
housing structure, wherein vibrations produced upon driving of the stage apparatus are 
reduced by the first active vibration suppression apparatus and/or the second active vibration 
suppression apparatus. 

[0054] Preferably, in the above exposure apparatus, the first active vibration 

suppression apparatus comprises: an actuator which is fixed to the surface plate or the 
exposure apparatus housing structure and generates a thrust, an inertial load which is 
connected to the actuator and is driven relative to the surface plate or the exposure apparatus 
housing structure in accordance with the thrust generated by the actuator, and a driving circuit 
for generating a driving command signal for controlling driving of the inertial load and 
driving the actuator in accordance with the driving command signal, wherein the actuator 
drives the inertial load with the generated thrust, and applies a drive reaction force generated 
upon driving of the inertial load as a control force to the surface plate or the exposure 
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apparatus housing structure to reduce vibrations produced in the surface plate or the exposure 
apparatus housing structure. 

[0055] Preferably, in the above exposure apparatus, the second active vibration 

suppression apparatus comprises: a rotating actuator which is fixed to the surface plate or the 
exposure apparatus housing structure and generates a torque in a rotational direction, an 
inertial load which is connected to the actuator and moves in the rotational direction relative 
to the surface plate or the exposure apparatus housing structure in accordance with a torque of 
the actuator, and a driving circuit for generating a driving command signal for controlling the 
inertial load and driving the rotating actuator in accordance with the driving command signal, 
wherein the rotating actuator rotates/drives the inertial load with a generated torque, and 
reduces vibrations produced in the surface plate or the exposure apparatus housing structure 
by applying a drive reaction force generated upon rotating/driving the inertial load as a 
control torque to the surface plate or the exposure apparatus housing structure. 
[0056] An exposure apparatus according to the present invention comprises an active 

vibration suppression apparatus which is mounted on a structural member of a cantilever 
support structure forming a housing structure of the exposure apparatus and generates a drive 
reaction force for reducing/suppressing structural vibrations produced around a cantilever 
support portion of the structural member, wherein the active vibration suppression apparatus 
comprises: an actuator which is fixed to the structural member of the cantilever support 
structure and generates a thrust; an inertial load which is connected to the actuator and is 
driven relative to the structural member of the cantilever support structure in accordance with 
the thrust generated by the actuator; and a driving circuit for generating a driving command 
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signal for controlling driving of the inertial load and driving the actuator in accordance with 
the driving command signal, and wherein the actuator drives the inertial load with the 
generated thrust, and applies a drive reaction force generated upon driving of the inertial load 
as a control force to the structural member of the cantilever support structure to reduce 
vibrations produced in the structural member of the cantilever support structure. 
[0057] An exposure apparatus according to the present invention comprises an active 

vibration suppression apparatus for reducing/suppressing rotational vibrations around a 
rotation center of a support portion of a cantilever support structure forming a housing 
structure of the exposure apparatus with respect to a structural member of the cantilever 
support structure by acting in a tangential direction with respect to a direction of the rotational 
vibrations at a position as distant as possible from the support portion, wherein the active 
vibration suppression apparatus comprises: a an actuator which is fixed to the structural 
member of the cantilever support structure and generates a thrust; an inertial load which is 
connected to the actuator and is driven relative to the structural member of the cantilever 
support structure in accordance with the thrust generated by the actuator; and a driving circuit 
for generating a driving command signal for controlling the inertial load and driving the 
actuator in accordance with the driving command signal, and wherein the actuator drives the 
inertial load with a generated thrust, and reduces vibrations produced in the structural 
member of the cantilever support structure by applying a drive reaction force generated upon 
driving the inertial load as a control thrust to the structural member of the cantilever support 
structure. 
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[0058] Preferably, an exposure apparatus comprises an active vibration suppression 

apparatus for reducing/suppressing rotational vibrations around a rotation center of a support 
portion of a cantilever support structure forming a housing structure of the exposure 
apparatus with respect to a structural member of the cantilever support structure by generating 
a control torque in a direction of the rotational vibrations with the support portion being a 
rotation center, wherein the active vibration suppression apparatus includes: an actuator 
which is fixed to the structural member of the cantilever support structure and generates a 
thrust in a rotational direction; an inertial load which is connected to the actuator and is 
driven relative to the structural member of the cantilever support structure in accordance with 
the thrust generated by the actuator; and a driving circuit for generating a driving command 
signal for controlling the inertial load and driving the actuator in accordance with the driving 
command signal, and wherein the actuator drives the inertial load with a generated thrust, and 
reduces vibrations produced in the structural member of the cantilever support structure by 
applying a drive reaction force generated upon driving the inertial load as a control thrust to 
the structural member of the cantilever support structure. 

[0059] Preferably, in the above exposure apparatus, the cantilever support structure is 

a mechanical structure forming an illumination optical unit for emitting exposure light for 
exposing a photosensitive substrate to a circuit pattern formed on a master plate through an 
optical lens. 

[0060] An exposure apparatus according to the present invention comprises an active 

vibration suppression apparatus which is installed on an apparatus mount pedestal side 
structure on which the exposure apparatus is installed and actively reduces vibrations 
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transmitted from the apparatus mount pedestal side structure to the exposure apparatus, 
wherein the active vibration suppression apparatus includes: an actuator which is fixed to a 
an apparatus mount pedestal side structure and generates a thrust; an inertial load which is 
connected to the actuator and is driven relative to the apparatus mount pedestal side structure 
in accordance with the thrust generated by the actuator; and a driving circuit for generating a 
driving command signal for controlling driving of the inertial load and driving the actuator in 
accordance with the driving command signal, and wherein the actuator drives the inertial load 
with the generated thrust, and applies a drive reaction force generated upon driving of the 
inertial load as a control force to the apparatus mount pedestal side structure, thereby 
reducing vibrations produced in the apparatus mount pedestal side structure. 
[0061] A semiconductor device manufacturing method according to the present 

invention comprises: the step of installing a plurality of semiconductor manufacturing 
apparatuses including an exposure apparatus in a semiconductor manufacturing factory; and 
the step of manufacturing a semiconductor device by using the plurality of semiconductor 
manufacturing apparatuses, the exposure apparatus including a stage apparatus having a 
substrate or master plate as an exposure target mounted thereon and performing precision 
positioning operation, and an active vibration suppression apparatus which acts on a surface 
plate on which the stage apparatus is mounted or an exposure apparatus housing structure 
mounted on the surface plate to reduce vibrations of the surface plate or the exposure 
apparatus housing structure in a translation direction which are produced upon driving of the 
stage apparatus, the active vibration suppression apparatus including an actuator which is 
fixed to the surface plate or the exposure apparatus housing structure and generates a thrust, 
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an inertial load which is connected to the actuator and is driven relative to the surface plate or 
the exposure apparatus housing structure in accordance with the thrust generated by the 
actuator, and a driving circuit for generating a driving command signal for controlling driving 
of the inertial load and driving the actuator in accordance with the driving command signal, 
wherein the actuator drives the inertial load with the generated thrust, and applies a drive 
reaction force generated upon driving of the inertial load as a control force to the surface plate 
or the exposure apparatus housing structure to reduce vibrations produced in the surface plate 
or the exposure apparatus housing structure. 

[0062] A semiconductor device manufacturing method according to the present 

invention comprises: the step of installing a plurality of semiconductor manufacturing 
apparatuses including an exposure apparatus in a semiconductor manufacturing factory; and 
the step of manufacturing a semiconductor device by using the plurality of semiconductor 
manufacturing apparatuses, the exposure apparatus including a stage apparatus having a 
substrate or master plate as an exposure target mounted thereon and performing precision 
positioning operation, and an active vibration suppression apparatus which acts on a surface 
plate on which the stage apparatus is mounted or an exposure apparatus housing structure 
mounted on the surface plate to reduce vibrations of the surface plate or the exposure 
apparatus housing structure in a rotational direction which are produced upon driving of the 
stage apparatus, the active vibration suppression apparatus including a rotating actuator which 
is fixed to the surface plate or the exposure apparatus housing structure and generates a torque 
in a rotational direction, an inertial load which is connected to the actuator and moves in the 
rotational direction relative to the surface plate or the exposure apparatus housing structure in 
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accordance with a torque of the actuator, and a driving circuit for generating a driving 
command signal for controlling the inertial load and driving the rotating actuator in 
accordance with the driving command signal, wherein the rotating actuator rotates/drives the 
inertial load with a generated torque, and reduces vibrations produced in the surface plate or 
the exposure apparatus housing structure by applying a drive reaction force generated upon 
rotating/driving the inertial load as a control torque to the surface plate or the exposure 
apparatus housing structure. 

[0063] Preferably, the above semiconductor device manufacturing method further 

comprises: the step of connecting the plurality of semiconductor manufacturing apparatuses 
via a local area network; the step of connecting the local area network to an external network 
outside the semiconductor manufacturing factory; the step of acquiring information 
associated with the exposure apparatus from a database on the external network by using the 
local area network and the external network; and the step of controlling the exposure 
apparatus on the basis of the acquired information. 

[0064] P r ef e rably, th e abov e s e miconductor device manufacturing method further 

comprises: the step of conn e cting th e plurality of semiconducto r manufactu r ing appa r atus e s 
via a local ar e a network; the step of connecting the local a r ea netwo r k to an external netwo r k 
outsid e the s e miconducto r manufacturing factory; the step of acquiring information 
associated with th e e x p osu re a p paratus from a database on the exte r nal network by using the 
local area netwo r k and the external n e two r k; and the step of controlling the exposure 
apparatus on the basis of the acquired information. 
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[00651 Preferably, the above semiconductor device manufacturing method further 

comprises the step of accessing a database provided by a vendor or user of the exposure 
apparatus via the external network to obtain maintenance information of the manufacturing 
apparatus by data communication, or performing production management by data 
communication between the semiconductor manufacturing factory and another semiconductor 
manufacturing factory via the external network. 

[0066] A semiconductor manufacturing factory according to the present invention 

comprises: a plurality of semiconductor manufacturing apparatuseSi including an exposure 
apparatus; a local area network for connecting the manufacturing apparatuses; and a gateway 
which connects the local area network to an external network of the semiconductor 
manufacturing factory and allows communication of information associated with at least one 
of the plurality of semiconductor manufacturing apparatuses, the exposure apparatus 
including a stage apparatus having a substrate or master plate as an exposure target mounted 
thereon and performing precision positioning operation, and an active vibration suppression 
apparatus which acts on a surface plate on which the stage apparatus is mounted or on an 
exposure apparatus housing structure mounted on the surface plate to reduce vibrations of the 
surface plate or the exposure apparatus housing structure in a translation direction^ which are 
produced upon driving of the stage apparatus, the active vibration suppression apparatus 
including an actuator which is fixed to the surface plate or the exposure apparatus housing 
structure and generates a thrust, an inertial load which is connected to the actuator and is 
driven relative to the surface plate or the exposure apparatus housing structure in accordance 
with the thrust generated by the actuator, and a driving circuit for generating a driving 
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command signal for controlling driving of the inertial load and driving the actuator in 
accordance with the driving command signal, wherein the actuator drives the inertial load 
with the generated thrust, and applies a drive reaction force generated upon driving of the 
inertial load as a control force to the surface plate or the exposure apparatus housing structure 
to reduce vibrations produced in the surface plate or the exposure apparatus housing structure. 
[0067] A semiconductor manufacturing factory according to the present invention 

comprises: a plurality of semiconductor manufacturing apparatuses,, including an exposure 
apparatus; a local area network for connecting the manufacturing apparatuses; and a gateway 
which connects the local area network to an external network of the semiconductor 
manufacturing factory and allows communication of information associated with at least one ' 
of the plurality of semiconductor manufacturing apparatuses, the exposure apparatus 
including a stage apparatus having a substrate or master plate as an exposure target mounted 
thereon and performing precision positioning operation; and an active vibration suppression 
apparatus which acts on a surface plate on which the stage apparatus is mounted or an 
exposure apparatus housing structure mounted on the surface plate to reduce vibrations of the 
surface plate or the exposure apparatus housing structure in a rotational direction which are 
produced upon driving of the stage apparatus, the active vibration suppression apparatus 
including a rotating actuator which is fixed to the surface plate or the exposure apparatus 
housing structure and generates a torque in a rotational direction, an inertial load which is 
connected to the actuator and moves in the rotational direction relative to the surface plate or 
the exposure apparatus housing structure in accordance with a torque of the actuator, and a 
driving circuit for generating a driving command signal for controlling the inertial load and 
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driving the rotating actuator in accordance with the driving command signal, wherein the 
rotating actuator rotates/drives the inertial load with a generated torque, and reduces 
vibrations produced in the surface plate or the exposure apparatus housing structure by 
applying a drive reaction force generated upon rotating/driving the inertial load as a control 
torque to the surface plate or the exposure apparatus housing structure. 
[0068] According to the present invention, there is provided a maintenance method 

for an exposure apparatus , the maintenance method comprising: the step of causing a vendor 
or user of the exposure apparatus to provide a maintenance database connected to an external 
network of the semiconductor manufacturing factory; the step of allowing access from the 
semiconductor manufacturing factory to the maintenance database via the external network; 
and the step of transmitting maintenance information accumulated in the maintenance 
database to the semiconductor manufacturing factory via the external network, and 
maintaining the exposure apparatus on the basis of the maintenance information, wherein the 
exposure apparatus includes a stage apparatus having a substrate or master plate as an 
exposure target mounted thereon and performing precision positioning operation, and an 
active vibration suppression apparatus which acts on a surface plate on which the stage 
apparatus is mounted or on an exposure apparatus housing structure mounted on the surface 
plate to reduce vibrations of the surface plate or the exposure apparatus housing structure in a 
translation direction^ which are produced upon driving of the stage apparatus, the active 
vibration suppression apparatus includes an actuator which is fixed to the surface plate or the 
exposure apparatus housing structure and generates a thrust, an inertial load which is 
connected to the actuator and is driven relative to the surface plate or the exposure apparatus 
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housing structure in accordance with the thrust generated by the actuator, and a driving circuit 
for generating a driving command signal for controlling driving of the inertial load and 
driving the actuator in accordance with the driving command signal, and wherein the actuator 
drives the inertial load with the generated thrust, and applies a drive reaction force generated 
upon driving of the inertial load as a control force to the surface plate or the exposure 
apparatus housing structure to reduce vibrations produced in the surface plate or the exposure 
apparatus housing structure. 

[0069] According to the present invention, there is provided a maintenance method 

for an exposure apparatus , the maintenance method comprising: the step of causing a vendor 
or user of the exposure apparatus to provide a maintenance database connected to an external 
network of the semiconductor manufacturing factory; the step of allowing access from the 
semiconductor manufacturing factory to the maintenance database via the external network; 
and the step of transmitting maintenance information accumulated in the maintenance 
database to the semiconductor manufacturing factory via the external network, and 
maintaining the exposure apparatus on the basis of the maintenance information, wherein the 
exposure apparatus includes a stage apparatus having a substrate or master plate as an 
exposure target mounted thereon and performing precision positioning operation, and an 
active vibration suppression apparatus which acts on a surface plate on which the stage 
apparatus is mounted or an exposure apparatus housing structure mounted on the surface 
plate to reduce vibrations of the surface plate or the exposure apparatus housing structure in a 
rotational direction which are produced upon driving of the stage apparatus, the active 
vibration suppression apparatus including a rotating actuator which is fixed to the surface 
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plate or the exposure apparatus housing structure and generates a torque in a rotational 
direction, an inertial load which is connected to the actuator and moves in the rotational 
direction relative to the surface plate or the exposure apparatus housing structure in 
accordance with a torque of the actuator, and a driving circuit for generating a driving 
command signal for controlling the inertial load and driving the rotating actuator in 
accordance with the driving command signal, and wherein the rotating actuator rotates/drives 
the inertial load with a generated torque, and reduces vibrations produced in the surface plate 
or the exposure apparatus housing structure by applying a drive reaction force generated upon 
rotating/driving the inertial load as a control torque to the surface plate or the exposure 
apparatus housing structure. 

[0070] Preferably, the above exposure apparatus further comprises a display for 

displaying maintenance information, a network interface which is connected to a computer 
network to communicate the maintenance information, and a computer for executing the 
communication by using network software, and can perform data communication of 
maintenance information of the exposure apparatus via the computer network. 
[0071] Preferably, in the above exposure apparatus, the network software provides, on 

the display, a user interface which is connected to the external network of the factory in 
which the exposure apparatus is installed and used to access the maintenance database 
provided by the vendor or user of the exposure apparatus, and allows acquisition of 
information from the database via the external network. 
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[0072] Other features and advantages of the present invention will be apparent from 

the following description taken in conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0073] The accompanying drawings, which are incorporated in and constitute a part of 

the specification, illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. 

[0074] Fig. 1 is a view showing the arrangement of an active vibration suppression 

apparatus according to the first embodiment of the present invention; 
[0075] Fig. 2 is a view showing the arrangement of a linear-acting vibration 

suppression unit in Fig. 1 ; 

[0076] Fig. 3 is a perspective view showing a linear-acting actuator and an inertial 

load in Fig. 1 ; 

[0077] Fig. 4 is a graph showing an example of a nonlinear function applied to the 

active vibration suppression apparatus according to the first embodiment of the present 
invention; 

[0078] Fig. 5 is a block diagram showing an example of the arrangement of a 

compensation computation section applied to the active vibration suppression apparatus 
according to the first embodiment of the present invention; 
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[0079] Fig. 6 is a block diagram showing an example of the arrangement of a 

feedforward compensation computation section applied to the active vibration suppression 
apparatus according to the first embodiment of the present invention; 
[0080] Fig. 7 is a graph showing the relationship between a nonlinear function and 

a linear function applied to the active vibration suppression apparatus according to the first 
embodiment of the present invention; 

[0081] Fig. 8 is a view showing the arrangement of an active vibration suppression 

apparatus according to the second and third embodiments of the present invention; 
[0082] Figs. 9A and 9B are graphs showing the simulation results obtained from the 

apparatus according to the present invention; 

[0083] Fig. 10 is a view showing an example of the arrangement of a semiconductor 

exposure apparatus having the active vibration suppression apparatus according to the third 
embodiment of the present invention; 

[0084] Fig. 1 1 is a view showing the fourth embodiment of the present invention; 

[0085] Fig. 12 is a view showing the arrangement of a rotational vibration 

suppression unit according to an embodiment of the present invention; 
[0086] Fig. 13 is a perspective view showing a rotating actuator and flywheel 

according to an embodiment of the present invention; 

[0087] Fig. 14 is a view showing the arrangement of an apparatus according to the 

fifth embodiment of the present invention; 

[0088] Fig. 1 5 is a perspective view for explaining an example of the vibration mode 

of a structure in a semiconductor exposure apparatus; 
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[0089] Fig. 16 is a perspective view for explaining another example of the vibration 

mode of the structure in the semiconductor exposure apparatus; 

[0090] Fig. 17 is a perspective view showing an example of an actuator acting in the 

vertical direction^ which is used in a linear-acting vibration suppression apparatus; 
[0091] Fig. 18 is a perspective view showing an example of an actuator acting in the 

horizontal direction^ which is used in the linear-acting vibration suppression apparatus; 
[0092] Fig. 19 is a view showing the concept of a semiconductor device production 

system using the apparatus according to the present invention when viewed from a given 
angle; 

[0093] Fig. 20 is a view showing the concept of the semiconductor device production 

system using the apparatus according to the present invention when viewed from another 
given angle; 

[0094] Fig. 21 is a view showing a specific example of a user interface; 

[0095] Fig. 22 is a flow chart showing the flow of a device manufacturing process; 

and 

[0096] Fig. 23 is a flow chart for explaining a wafer process. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0097] Preferred embodiments of the present invention will now be described in detail 

in accordance with the accompanying drawings. 
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(First Embodiment) 

[0098] In the first embodiment of the present invention, an active vibration 

suppression apparatus will be described below, which reduces vibrations that are produced in 
a precision equipment mount vibration isolation base or in an object mounted on a vibration 
isolation base A and affect precision equipment^ such as a semiconductor exposure apparatus. 
[0099] Fig. 1 is a view showing the arrangement of an active vibration isolation 

apparatus according to the first embodiment of the present invention. In the active vibration 
suppression apparatus according to this embodiment, a vibration suppression target is a 
vibration isolation base 1 supported to be vibration-isolated by support mechanisms 2 such as 
air springs. In a semiconductor exposure apparatus, an exposure apparatus body supported by 
a vibration isolation apparatus or a vibration isolation base on which a stage apparatus having 
a substrate (silicon wafer a or the like) or master plate (reticle^ or the like) mounted thereof 
and p e rforming which performs precision positioning operation is a vibration suppression 
target equivalent to that in this embodiment. The embodiment will be described below with 
reference to Fig. 1 . 

[0100] The active vibration suppression apparatus according to this embodiment 

includes a linear-acting vibration suppression unit 50 for applying a control force to the 
vibration isolation base 1 as a vibration suppression target, a vibration detection unit 3 for 
detecting the vibrations of the vibration isolation base 1 as the vibration suppression target, a 
compensation computation section 4 for performing an appropriate compensation 
computation for a signal corresponding to the vibrations of the vibration suppression target, a 
feedforward compensation computation section 5 for performing a compensation 
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computation for the operation state of equipment, such as an X-Y stage mounted on the 
vibration isolation base 1 A or a signal from a control section for the equipment, and the like. 
As For each support mechanism 2, a vibration isolation support mechanism using an elastic 
member^ such as an air spring or rubber^ can be used. In addition, as for each support 
mechanism 2, an active vibration isolation apparatus can also be used, which detects the 
vibrations of the vibration isolation base 1 with a sensor, and performs control to reduce the 
vibrations by using an actuator for applying a control force to the vibration isolation base 1 on 
the basis of the signal obtained by compensating for the resultant signal. 
[0101] As shown in Fig. 2, the linear-acting vibration suppression unit 50 is fixed on 

the vibration isolation base 1 as the vibration suppression target and is comprised of a 
linear-acting actuator 51 for generating a thrust in accordance with a driving signal, an inertial 
load 52 that is connected to the linear-acting actuator 51 and moves in a straight direction 
relative to the vibration isolation base 1, a base member 53, a stopper 54 for restricting the 
operation of the inertial load 52 within a predetermined range, a driving circuit 55 for the 
linear- acting actuator 51, and the like. The driving circuit 55 may not be mounted on the 
vibration isolation base 1 and may be kept apart from the linear-acting actuator 51, inertial 
load 52, and the like. 

[0102] Fig. 3 is a perspective view showing the linear-acting actuator 51, inertial load 

52, and the like. The inertial load 52 is supported by a linear guide, whose detailed 
arrangement is omitted in Fig. 3, and the like* such that it can move in the direction indicated 
by an arrow A in Fig. 3. The inertial load 52 is driven in the straight direction indicated by 
the arrow A by the thrust generated by the linear-acting actuator 5 1 . The linear-acting 
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actuator 5 1 is comprised of a stator 51a and movable part 5 lb. The stator 5 la is rigidly 
fastened to the vibration isolation base 1, whereas the movable part 51b is connected to the 
inertial load 52 and configured to be movable in a straight direction relative to the vibration 
isolation base 1 . 

[0103] As the linear-acting actuator 51 shown in Fig. 3 . for example, an 

electromagnetic linear motor can be suitably used, which has a coil winding and permanent 
magnet mounted on the stator 51a and movable part 51b, respectively, in the linear-acting 
actuator 51 in Fig. 3, and generates a thrust in the direction indicated by the arrow A in Fig. 3 
using the interaction between a current flowing in the coil winding and the magnetic field 
generated by the permanent magnet. The thrust generated by such an electromagnetic linear 
motor can be easily controlled by controlling the current flowing in the coil winding by using 
the driving circuit 55. 

[0104] Obviously, as the linear-acting actuator 51, other various types of actuators can 

be used, e.g., an actuator constituted by a rotating electromagnetic actuator such as a DC 
servo motor and a feed screw mechanism for converting the torque produced by the actuator 
into a thrust in a straight direction and moving the inertial load 52 in the straight direction. 
[0105] This linear-acting actuator 51 is fixed to the vibration isolation base 1 as the 

vibration suppression target through the base member 53, and generates a thrust to displace 
the inertial load 52 relative to the vibration isolation base 1 as the vibration suppression 
target. When a thrust is generated in the linear-acting actuator 51 to displace the inertial load 
52, a reaction force of the thrust acting on the inertial load 52 acts on the vibration 
suppression target. The vibration suppression apparatus according to this embodiment uses 
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this reaction force as a control force for vibration control. That is, this vibration suppression 
apparatus adjusts the driving force generated by the linear-acting actuator 51 to drive the 
inertial load 52 so as to control a thrust applied as a reaction force to the vibration 
suppression target. 

[0106] As the vibration detection unit 3 for detecting the vibrations of the vibration 

suppression target, i.e., the vibration isolation base 1, an acceleration sensor, velocity sensor, 
or the likei can be used. 

[0107] The operation of the vibration suppression apparatus according to this 

embodiment will be described next with reference to Fig. 1 . 

[0108] The apparatus according to this embodiment performs the control operation of 

feeding back, to the linear-acting vibration suppression unit 50, the signal obtained by 
compensating for a signal corresponding to the vibrations of the vibration isolation base 1 as 
the vibration suppression target obtained by using the vibration detection unit 3 and 
compensation computation section 4, the control operation of feeding forward, to the 
linear-acting vibration suppression unit 50, the operation state of equipment such as an X-Y 
stage 45 mounted on the vibration isolation base 1 or information from a control section for 
the equipment by using the feedforward compensation computation section 5, and the like. 
[0109] Feedback control operation using the vibration detection unit 3, compensation 

computation section 4, and the like A will be described first. 

[0110] In the feedback control operation, the vibration detection unit 3 mounted on 

the vibration isolation base 1 is used to detect vibrations produced in the vibration isolation 
base 1 by vibration transmission from the apparatus mount pedestal or the operation of 



-40- 



equipment such as the X- Y stage 45 mounted on the vibration isolation base 1 , and the 
compensation computation section 4 performs an appropriate compensation computation for 
the resultant detection signal. The linear-acting vibration suppression unit 50 is then driven 
on the basis of the resultant signal to reduce/suppress the vibrations of the vibration isolation 
base 1. 

[0111] In the apparatus according to this embodiment, the compensation computation 

section 4 executes a compensation computation by a nonlinear computation. Obviously, as 
this nonlinear computation, various types of computations can be used in acco r dance, 
accordance with applications and purposes. Consider a case wherein a linear compensation 
computation typified by proportional compensation or integral compensation is performed for 
a signal corresponding to the vibrations of the vibration suppression target, i.e., the vibration 
isolation base 1, which are detected by the vibration detection unit 3, and then a nonlinear 
compensation computation is performed for the resultant signal. 

[0112] As a case of a linear compensation computation to be performed by the 

compensation computation section 4 to reduce the vibrations of the vibration isolation base 1, 
a case wherein a damping property is provided to the natural vibrations of the vibration 
system constituted by the vibration isolation base 1 and the support mechanism 2 that 
vibration-isolates/supports the vibration isolation base 1 will be described below. To provide 
a damping property to the natural vibrations of the vibration system constituted by the 
vibration isolation base 1 and support mechanism 2, a computation may be performed to 
apply a control force proportional to the vibration velocity of the vibration isolation base 1 to 
the vibration isolation base 1 . When an acceleration sensor is used as the vibration detection 
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unit 3 and an electromagnetic motor with a high response property is used as the linear-acting 
actuator 51 of the linear-acting vibration suppression unit 50, the compensation computation 
section 4 may mainly perform an integral compensation computation as a compensation 
computation for a signal corresponding to the vibration acceleration of the vibration isolation 
base 1 4 which is detected by the vibration detection unit 3. The electromagnetic motor 
generally exhibits an excellent response property up to a sufficiently high frequency as 
compared with the natural frequency of the vibration system constituted by the vibration 
isolation base 1 and support mechanism 2. For this reason, in a frequency region near the 
natural frequency^ which requires a damping property, the electromagnetic motor receives a 
driving current command and can instantaneously generate a thrust almost equal to the thrust 
designated by the signal. The compensation computation section 4 may perform integral 
computation for the acceleration signal of the vibration isolation base 1 , detected by the 
vibration detection unit 3, to obtain a signal proportional to the velocity. Obviously, 
according to the same concept as described above, when a velocity sensor is used as the 
vibration detection unit 3, the compensation computation section 4 may perform a 
proportional compensation computation. 

[0113] In this case, the compensation computation section 4 performs a linear 

compensation computation to provide a damping property to the natural vibrations of the • 
vibration system constituted by the vibration isolation base 1 and support mechanism 2. 
However, signals associated with acceleration, velocity, and vibration may be properly 
combined or linear compensation computations other than an integral compensation 
computation and proportional compensation computation, e.g., a differential compensation 
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computation, a phase-lead compensation computation, and a phase-lag compensation 
computation, may be applied or used together to control the vibrations of the vibration 
isolation base 1 to an appropriate state. 



nonlinear computation is further performed for the linear compensation computation result 
obtained in this manner. In this case, a nonlinear computation with an input/output 
characteristic like that shown in Fig. 4 is performed for the above linear compensation 
computation result, and the linear-acting vibration suppression unit 50 is controlled by using 
the computation result. The nonlinear computation shown in Fig. 4 is a monotonously 
increasing nonlinear function, an example of the function for outputting the signal obtained 
by multiplying an input signal by a gain which decreases with an increase in distance from the 
neutral point of the input signal. Letting x be the input and y be the output, this computation 
is represented by 
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In the active vibration suppression apparatus according to this embodiment, a 
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where K x and K 2 are constants, and K 2 is a positive constant. 



[0115] 



Letting x be the input and y be the output, this equation uses a nonlinear 



function called a sigmoid function expressed by 
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[0116] Note that the input/output characteristic shown in Fig. 4 can be described by a 

nonlinear function which monotonously increases with the positive constant K,. Obviously, 
in some cases, a nonlinear computation described by a nonlinear function^ which 
monotonously decreases with a negative constant K la can be used. 

[01 17J According to the function represented by equation (1), as the absolute value of 

the input x increases, the absolute value of the output y/input x ratio decreases. If, for 
example, K, = 1 and K 2 = 1, y/x = 0.23 for x = 1, but y/x = 0.19 for x = 2. That is, this 
function has an input/output characteristic in which as the input increases, the absolute value 
of the gain of output y/input x decreases. 

[0118] Assume that such a nonlinear computation is used. In this case, if the signal 

obtained by the above linear compensation computation, i.e., the input to a nonlinear 
computation, is small, an output signal equivalent to y = K 3 x . as shown in Fig. 7 a is generated. 
If, however, the signal obtained by the linear compensation computation is large, an output 
signal similar to linear function y = proportional to a gain K 4 smaller in absolute value 
than K 3i is generated. That is, if the level of an input signal to the compensation computation 
section is high, a signal equivalent to that obtained upon suppression of a control gain is 
output as compared with a case wherein the level is low. 

[0119] The apparatus according to this embodiment can therefore obtain a 

compensation computation result that ensures a high control gain in a sufficiently wide range 
with respect to the stroke range in which the operation of the inertial load 52 is restricted by 
the stopper 54 and decreases the control gain to prevent the inertial load 52 from exceeding 
the stroke range (stroke over) in a range in which a large control force is required. 
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[0120] Fig. 5 is a computation block diagram of the compensation computation 

section 4 described above. The compensation computation section 4 is formed by a series 
circuit of a linear compensation computation circuit 4a for performing an integral 
compensation computation or the like a and a nonlinear compensation computation circuit 4b 
for performing a nonlinear compensation computation like equation (1). 
[01211 Feedback control operation of the active vibration suppression apparatus 

according to this embodiment can be implemented by controlling the linear-acting vibration 
suppression unit 50 on the basis of the signal obtained by the compensation computation 
section 4 for performing compensation computations^ including a nonlinear computation. 
Note that the nonlinear computation performed by the compensation computation section 4 is 
not limited to equation (1). Obviously, the compensation computation section 4 may be 
formed by only the nonlinear compensation computation circuit 4b instead of being 
constituted by the linear compensation computation circuit 4a and nonlinear compensation 
computation circuit 4b A as in this case. 

[0122] Feedforward control operation using the feedforward compensation 

computation section 5 will be described next. The feedforward compensation computation 
section 5 serves to generate a signal for appropriate vibration control by performing 
compensation computation for a signal representing the operation state of equipment such as 
the X-Y stage mounted on the vibration isolation base 1 . Feedforward control operation will 
be described in detail below. 

[0123] Assume that an equipment having a driving means such as the X-Y stage 45 is 

mounted on the vibration isolation base 1 , as shown in Fig. 1 . This X-Y stage 45 is driven by 
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an electromagnetic linear motor^ or the like. The electromagnetic linear motor for driving the 
X-Y stage 45 is driven through an X-Y stage driving circuit 47 on the basis of a signal from 
an X-Y stage control section 46. 

[0124] The feedforward compensation computation section 5 performs appropriate 

computation processing to make the linear-acting vibration suppression unit 50 effectively 
reduce/suppress vibrations produced in the vibration isolation base 1 by the drive reaction 
force of the X-Y stage 45 on the basis of a signal from the X-Y stage control section 46 or a 
signal associated with the driven state of the X-Y stage 45. 

[0125] This feedforward compensation computation can be implemented by making 

the feedforward compensation computation section 5 perform an appropriate compensation 
computation by using a bandpass filter^ or the like, on the basis of a signal proportional to the 
drive acceleration of the X-Y stage 45 or its drive reaction force, so as to apply a control force 
proportional to the signal in a desired control band. If the inertial load 52 exceeds the stroke 
range limited by the stopper 54 in realizing this feedforward control operation, a nonlinear 
compensation computation like the one represented by equation (1) is performed for such a 
linear compensation computation result, and the linear-acting vibration suppression unit 50 is 
controlled on the basis of the resultant signal. Basically, therefore, control is performed by 
driving the linear-acting vibration suppression unit 50 on the basis of a signal proportional to 
the drive acceleration of the X-Y stage 45 or its drive reaction force. Assume that when this 
signal is directly used, the inertial load 52 exceeds the stroke range, and the operation of the 
control system is impaired. In this case, to ensure stability, proper control operation, a 
nonlinear computation like equation (1) is performed for this signal, and the linear-acting 



-46- 



vibration suppression unit 50 is driven by using the resultant signal. With this operation, the 
vibration suppression apparatus according to this embodiment can obtain a compensation 
computation result that ensures a high control gain in a sufficiently wide range with respect to 
the allowable stroke range in which the operation of the inertial load 52 is limited by the 
stopper 54, and decreases the control gain to prevent the inertial load 52 from exceeding the 
stroke range in a range in which a large control force is required. 

[0126] Fig. 6 is a computation block diagram of the feedforward compensation 

computation section 5 described above* which includes a nonlinear compensation 
computation. The feedforward compensation computation section 5 is formed by a series 
circuit of a linear compensation computation circuit 5 a for performing a proportional 
compensation computation^ or the like A and a nonlinear compensation computation circuit 5b 
for performing a nonlinear computation like equation (1). 

[0127] The feedforward control operation of the active vibration suppression 

apparatus according to this embodiment is implemented by controlling the linear-acting 
vibration suppression unit 50 on the basis of the signal obtained by the feedforward 
compensation computation section 5* including such a nonlinear computation. Note that the 
nonlinear computation performed by the feedforward compensation computation section 5 is 
not limited to equation (1). Obviously, the feedforward compensation computation section 5 
may be formed by only the nonlinear compensation computation circuit 5b instead of being 
constituted by the linear compensation computation circuit 5 a and nonlinear compensation 
computation circuit 5b A as in this case. 
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[0128] As described above, the apparatus according to this embodiment can perform 

compensation computations by computation processing including nonlinear computations in 
both the control operation of detecting the vibrations of the vibration isolation base 1 as the 
vibration suppression target, compensating for the resultant detection signal, and feeding back 
the resultant signal to the linear- acting vibration suppression unit 50 and the control operation 
of feeding forward information^ such as the operation state of equipment mounted on the 
vibration isolation base l a by using the feedforward compensation computation section 5. 
Although feedback control operation and feedforward control operation have been separately 
described, both feedback control operation and feedforward control operation can be 
simultaneously performed by driving the linear-acting vibration suppression unit 50 on the 
basis of the signal obtained by adding the two compensation computation results. Obviously, 
control may be performed by only one of feedback control operation and feedforward control 
operation. In addition, only one of feedback control operation and feedforward control 
operation may be performed on the basis of compensation computation processing including 
a nonlinear computation, as needed. 

[0129] The conventional apparatus designed to reduce/suppress the vibrations of a 

vibration suppression target by using an apparatus similar to the linear-acting vibration 
suppression unit 50 is configured to perform control by using only the linear compensation 
computation result described above. 

[0130] However, the movable stroke of the inertial load 52 on the linear-acting 

vibration suppression unit 50 is finite. For this reason, when large vibrations are caused in 
the vibration suppression target, and a large control force is required to suppress the 
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vibrations, the inertial load 52 may exceed this stroke range, resulting in function failure. If 
the inertial load 52 exceeds the allowable stroke range, the inertial load 52 collides with the 
stopper 54 for to restrict rest r icting the operation range of the inertial load 52. As a 
consequence, large impact vibrations are produced. If the impact vibrations are detected by 
the vibration detection unit 3, and a compensation signal is fed back to the linear-acting 
vibration suppression unit 50, a large signal originating from the impact vibrations is input to 
the linear-acting vibration suppression unit 50. This may cause an unstable control state. In a 
control scheme based on only linear compensation computations, to prevent inconveniences 
caused by collision of the inertial load 52 with the stopper 54, the gain of a linear 
compensation computation such as integral compensation or proportional compensation 
performed by the compensation computation section 4 must be decreased to a certain extent. 
Although the stable operation of the vibration suppression apparatus can be ensured by this 
operation, the vibration suppression effect is also reduced. 

[0131] In contrast to this, in the apparatus described in this embodiment, a relatively 

high control gain can be used to control vibrations that can be suppressed by a relatively small 
control force that falls within the a sufficiently wide range with respect to the stroke range in 
which the operation of the inertial load 52 is limited by the stopper 54 by using a 
compensation computation including a nonlinear computation process like that described 
above. Therefore, an excellent vibration reducing effect can be obtained. If large vibrations 
are produced, this apparatus performs operation equivalent to a control operation with a 
relatively low control gain. For this reason, the control force generated by the linear-acting 
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vibration suppression unit 50 is suppressed, and stable vibration control can be performed 
without causing any stroke over of the inertial load 52. 

[0132] According to the active vibration suppression apparatus of this embodiment, 

even if severe restrictions are imposed on the movable stroke, mass, and the like^ of an 
inertial load, both a vibration suppressing effect and stable operation upon inputting in the 
presence of large vibrations can be realized, and the maximum vibration suppression 
performance can be obtained under the restrictions. 
(Second Embodiment) 

[0133] Fig. 8 is a view showing an example of the arrangement of an apparatus 

according to the second embodiment of the present invention which is configured to reduce 
the vibrations of a structure 6 mounted on a vibration isolation base 1 . 
[0134] In the first embodiment, the apparatus according to the present invention has been 
described in detail with reference to the case wherein the vibration isolation base 1 is a 
vibration suppression target. The second embodiment will exemplify the case wherein local 
resonance vibrations produced in the structure 6 fastened to the vibration isolation base 1 
with relatively high rigidity are reduced/suppressed by an active vibration suppression 
apparatus according to the present invention. A vibration suppression target in this 
embodiment is not the natural vibrations of the vibration system constituted by the vibration 
isolation base 1 and a support mechanism 2 X but is the structural resonance vibrations of the 
structure 6 fastened to the vibration isolation base 1 with relatively high rigidity. In a 
semiconductor exposure apparatus, a structure that supports an optical unit, measuring 
system, and the like A corresponds to this structure 6. 
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[0135] The arrangement of the apparatus of this embodiment differs from that of the 

first embodiment in that a linear-acting vibration suppression unit 50 and vibration detection 
unit 3 are mounted on the structure 6 fastened to the vibration isolation base 1 A instead of 
being mounted to the vibration isolation base 1 . This embodiment differs from the first 
embodiment in that the vibration detection unit 3 detects the vibrations of the structure 6 
serving as a vibration suppression target, and the linear-acting vibration suppression unit 50 
applies a control force to the structure 6. In other respects, the constituent elements and 
operation of this embodiment are basically the same as those of the first embodiment. 
However, the operations of a compensation computation section 140 and feedforward 
compensation computation section 150 are slightly different from those in the first 
embodiment, and hence only these portions will be described below. 

[0136] The compensation computation section 140 according to this embodiment will 

be described first. 

[0137] The vibration system constituted by the vibration isolation base 1 and support 

mechanism 2, which serves as the vibration suppression target in the first embodiment, has a 
relatively low natural frequency of 1 0 Hz or less. The structure 6 serving as a vibration 
suppression target in this embodiment structurally resonates at a frequency of several ten tens 
of Hz or more. The control force required by the linear-acting vibration suppression unit 50 
to reduce/suppress the resonance vibrations of the structure 6 contains a relatively high 
frequency component as compared with the first embodiment. The control force generated by 
the linear-acting vibration suppression unit 50 is proportional to the drive reaction force of an 
inertial load 52, i.e., the operating acceleration of the inertial load 52. As is generally known, 
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even if given objects operate at the same acceleration, the operation displacement amount of 
one of the objects which exhibits a higher operating frequency component becomes smaller. 
For this reason, the operation range of the inertial load 52 x which is required to 
reduce/suppress the resonance vibrations of the structure 6 A is narrower than that in the first 
embodiment, resulting in a decrease in the possibility of an occurrence of stroke over. The 
apparatus according to this embodiment can, therefor effectively reduce/suppress the 
vibrations of the structure 6 while suppressing the operation stroke of the inertial load 52 to 
be small by extracting a structural resonance component from the vibrations of the structure 
6. by cutting the The natural vibration component with a relatively low frequency of the 
vibration system constituted by the vibration isolation base 1 and support mechanism 2 upon 
extracted from the control signal by performing appropriate filter processing for the signal 
output from the vibration detection unit 3 or adjusting the rigidity with which the inertial load 
52 is kept at a predetermined neutral position by using a passive/active means. 
[0138] If, however, the natural frequency of the vibration system constituted by the 

vibration isolation base 1 and support mechanism 2 is relatively near the resonance frequency 
of the structure 6, it is difficult to eliminate the influence of the natural vibrations of the 
vibration system constituted by the vibration isolation base 1 and support mechanism 2 even 
by performing these processes. As a result, this low- frequency component is input to the 
control system of the active vibration suppression apparatus , and increases to inc re as e the 
operation stroke of the inertial load 52. 

[0139] In this embodiment, therefore, a compensation computation including a 

nonlinear computation is performed as in the first embodiment. More specifically, when the 
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resonance vibrations of the structure 6 are to be damped by feeding back a control force 
proportional to the vibration velocity of the structure 6, a nonlinear function like equation (1), 
which has been described in detail in the first embodiment, is used tog e ther . That is, the 
apparatus according to this embodiment performs a linear compensation computation for a 
detection signal from the vibration detection unit 3, and performs a nonlinear computation 
like equation (1) for the computation result, thereby controlling the linear- acting vibration 
suppression unit 50 by using the resultant signal, in Since this embodiment is aimed at 
reducing/suppressing the resonance vibrations of the structure 6, in order to minimize the 
influence of the low- frequency natural vibrations of the vibration system constituted by the 
vibration isolation base 1 and support mechanism 2, appropriate filter processing is preferably 
performed as a pre-process for a linear compensation computation. 
[0140] With this control, even if the inertial load 52 may be greatly swung by a 

vibration component^ which is not a vibration suppression target, an excellent vibration 
reducing effect can be ensured with a relatively high control gain with respect to vibrations 
that can be controlled by a control force falling within a sufficiently wide range with respect 
to the stroke range in which the operation of the inertial load 52 is limited by a stopper 54. If 
large vibrations are produced, stable vibration control can be realized without any stroke over 
of the inertial load 52 by operation equivalent to a control operation with a relatively low 
control gain. That is, the maximum vibration suppression performance can be obtained under 
restrictions. 

[0141] Control operation based on the same concept as described above can also be 

applied to the feedforward compensation computation section 150. That is, a compensation 
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computation using both a linear compensation computation and a nonlinear compensation 
computation can be performed. 

[0142] Assume that the structure 6 serving as the vibration suppression target is not 

fastened to an X-Y stage 45 having a driving means with sufficient rigidity, unlike in this 
embodiment, and resonance vibrations are produced in the structure 6. In this case, the 
apparatus must perform a compensation computation different from that in the first 
embodiment, i.e., p e rforming perform a linear compensation computation, on the basis of a 
signal proportional to the drive acceleration of the X-Y stage 45 or its drive reaction force, to 
apply a control force proportional to the signal to the vibration isolation base 1 in a desired 
control band. In consideration of the mechanical rigidity between the X-Y stage 45 and the 
structure 6, compensation must be performed to generate a signal for allowing the 
linear-acting vibration suppression unit 50 to cancel the vibrations produced in the structure 6 
by the operation of the X-Y stage 45. This embodiment is different from the first 
embodiment in this point. 

[0143] Note that the maximum vibration suppression performance can be obtained 

under the restriction of the allowable stroke of the inertial load 52 by performing a nonlinear 
compensation computation using the feedforward compensation computation section 150 as 
in the first embodiment. This is a gr e at m e rit significant advantage obtained by the present 
invention. 

[0144] Fig: Figs. 9 A and 9B show the simulation results obtained when the resonance 

vibrations of a structure of this type are reduced/suppressed by feedback control operation 
using the compensation computation section 140. Referring to Figs. 9A and 9B, the abscissa 
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represents the time elapsed since the occurrence of vibrations in the vibration suppression 
target, and the ordinate represents the acceleration of the vibration suppression target in Fig. 
9A, and the displacement amount of the inertial load in Fig. 9B. Referring to Figs. 9A and 
9B, each curve indicated by "(I)" represents the control result based on the result of a 
compensation computation including a nonlinear compensation computation, and each curve 
indicated by "(H)" represents the control result based on only a conventional linear 
compensation computation. In this case, in a compensation computation including a 
nonlinear compensation computation, a compensation computation based on a nonlinear 
function represented by equation (1) is performed for a signal similar to the one indicated by 
"(H)" for which a linear compensation computation has been performed. 
[0145] As is apparent from this result, the vibrations of the vibration suppression 

target can be quickly reduced without increasing the maximum amount of displacement from 
the neutral position of the inertial load 52 by properly using a nonlinear compensation 
computation. 

[0146] As described above, according to the active vibration suppression apparatus of 

this embodiment, even if severe restrictions are imposed on the movable stroke, mass, and the 
likei of an inertial load, both a vibration suppressing effect and stable operation upon in the 
presence inputting of large vibrations can be realized, and the resonance vibrations of the 
structure mounted on the vibration isolation base can be stably and effectively 
reduced/suppressed. 
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(Third Embodiment) 

[0147] The third embodiment of the present invention will exemplify the following 

semiconductor exposure apparatus having the active vibration suppression apparatus shown 
in Fig. 8 to reduce vibrations that affect the exposure performance. 

[0148] In the third embodiment, an apparatus will be described, which has an active 

vibration suppression apparatus mounted on a structure having a cantilever structure^ which is 
a component of a semiconductor exposure apparatus to reduce/suppress structural vibrations 
centered on the cantilever fulcrum of the structure. In this case, an embodiment will be 
described, in which a structure having a cantilever support structure and serving as a vibration 
suppression target is a mechanical structure as a component of an illumination optical unit for 
emitting exposure light to expose a silicon wafer as a substrate to a circuit pattern formed on 
a reticle as a master plate through an optical lens system. 

[0149] Fig. 10 is a view showing an embodiment of the arrangement of a 

semiconductor exposure apparatus. 

[0150] In the apparatus shown in Fig. 10, a wafer stage 94., on which a silicon wafer 

as a substrate which is to be exposed to a circuit pattern and a stage surface plate 93 on which 
the wafer stage 94 is mounted,, are placed on an apparatus mount pedestal 100 through a 
vibration isolation support mechanism such as a vibration isolation apparatus 92. Both the 
stage surface plate 93 and a lens barrel surface plate 97 are rigidly fastened to a surface plate 
99 and supported by the vibration isolation apparatus 92. A reticle stage 95 and optical lens 
system 96 are mounted on the lens barrel surface plate 97. The optical lens system 96 is used ' 
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to project the pattern of a master plate called a reticle* having a circuit pattern, which is 
mounted on the reticle stage 95, onto a silicon wafer by e xposu r e . 

[0151] The vibration isolation apparatus 92 is not directly installed on the apparatus 

mount pedestal 100 but is fixed to a pedestal structure 91 called a pallet or base plate. The 
pedestal structure 91 serves as a reference for maintaining the relative positional relationship 
between the devices mounted on the vibration isolation apparatus 92 and components* such as 
a wafer feeder, reticle changer, and light source {which are not shown in Fig. 10) and not 
mounted on the vibration isolation apparatus 92, or a pedestal member on which the overall 
semiconductor exposure apparatus is mounted to be transported altogether. A level adjusting 
mechanism with high rigidity (not shown in Fig. 10), called a leveling block* or the like, is 
provided under the pedestal structure 91. By adjusting this mechanism in accordance with the 
condition of the apparatus mount pedestal 100, the semiconductor exposure apparatus can be 
installed in a predetermined posture. 

[0152] As the vibration isolation apparatus 92, an active vibration isolation apparatus* 

or the like* is used, which detects the vibrations of the surface plate 99 with a sensor* or the 
like, and controls an actuator for applying a control force to the surface plate 99 on the basis 
of the signal obtained by compensating for the detection signal, thereby reducing the 
vibrations. 

[0153] The optical lens system 96 is set between the reticle stage 95 and the wafer 

stage 94. A reticle is irradiated with exposure light emitted from an illumination optical unit 
98 to project a circuit pattern formed on the reticle onto a silicon wafer through the optical 
lens system 96 by exposure. 
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[0154] Semiconductor exposure apparatuses are classified into cell projection type 

apparatuses (steppers), scan exposure type apparatuses (scanners), and the like,, according to 
the exposure schemes. In a case of a cell projection type apparatus, a predetermined exposure 
area, e.g., an area corresponding to one integrated circuit such as an IC, is exposed at once 
while the wafer stage 94 is sequentially driven by an intermittent driving scheme called a 
step-and-repeat scheme. In a case of a scan exposure type apparatus, the wafer stage 94 and 
reticle stage 95 are synchronously operated to scan/expose a wafer in a circuit pattern formed 
on a reticle. In the case of the scan exposure type apparatus, the reticle stage 95 is driven 
with a large operation by a relatively large driving force as compared with the driving force 
required in the cell projection type apparatus. 

[0155] Such a semiconductor exposure apparatus is apt to be easily affected by the 

vibrations produced when the wafer stage 94 or reticle stage 95 is driven and vibrations are 
transmitted from the apparatus mount pedestal 100. For this reason, in this embodiment, 
vibrations produced in a structure as a component of the semiconductor exposure apparatus 
are reduced/suppressed by using an active vibration suppression apparatus to be described 
below. This embodiment will exemplify the case wherein vibrations such as structural 
resonance produced in a mechanical structure as a component of the illumination optical unit 
98 a are reduced/suppressed. 

[0156] The third embodiment of the present invention will be described below with 

reference to a case wherein an active vibration suppression apparatus according to the present 
invention is applied to the semiconductor exposure apparatus having the arrangement shown 
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in Fig. 10. For the sake of convenience, the active vibration suppression apparatus will be 
described with reference to Fig. 8. 

[0157] The active vibration suppression apparatus schematically shown in Fig. 8 is 

comprised of a vibration isolation base 1 , a support mechanism 2 for 

vibration-isolating/supporting the vibration isolation base 1, an X-Y stage 45 mounted on the 
vibration isolation base 1, a structure 6 fastened to the vibration isolation base 1 with 
relatively high rigidity, and the like. The vibration isolation base 1, support mechanism 2, 
and structure 6 respectively correspond to the surface plate 99, vibration isolation apparatus 
92, and illumination optical unit 98 described with reference to Fig. 10. The X-Y stage 45 
corresponds to one of the wafer stage 94 and reticle stage 95. The wafer stage 94 and reticle 
stage 95 are respectively mounted on the stage surface plat e platefs) 93 and lens barrel surface 
plate 97. These surface plates 93 and 97 are rigidly fastened to the surface plate 99. Since 
these stage apparatuses are equivalently mounted on the surface plate 99 from the viewpoint 
of dynamics, the X-Y stage 45 is mounted on the vibration isolation base 1 in Fig. 8. 
[0158] The structure 6 has a cantilever support structure as shown in Fig. 8. 

[0159] In this case, the structure 6 is set as a structur e as a component of the 

illumination optical unit 98. 

[0160] As described above, the illumination optical unit 98 is used to emit exposure 

light for projecting a circuit pattern formed on a reticle onto a silicon wafer through the 
optical lens system 96 by e xposure , and hence a is set on an extension line from the optical 
lens system 96 and reticle. If, therefore, the optical axis of exposure light is set in the vertical 
direction as in the semiconductor exposure apparatus shown in Fig. 10, the illumination 
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optical unit 98 must be designed to locate an exposure light irradiation opening immediately 
above the optical lens system 96 and the reticle. In such cases, the structure of the 
illumination optical unit 98 must often be formed by a cantilever structure like the one 
schematically shown in Fig. 8 A owing to the layout design of structures constituting the 
exposure apparatus. 

[0161] In a structure having such an arrangement, vibrations in the rotational motion 

direction centered on the fulcrum tend to be produced. Figs. 15 and 16 show examples of 
rotational vibrations originating from the cantilever support structure of th e structure 6. Fig. 
15 shows an example of rotational vibrations around the horizontal axis centered on the 
cantilever fulcrum. Fig. 16 shows an example of rotational vibrations around the vertical 
axis. Referring to Figs. 15 and 16, each arrow indicates the direction of rotational vibrations, 
and each chain line indicates the center axis of rotational vibrations. Fig. 8 shows an example 
of the apparatus for reducing/suppressing rotational vibrations around the vertical axis in Fig. 
16. 

[0162] In this embodiment, an apparatus for reducing/suppressing the vibrations of 

such a structure and its operation will be described. 

[0163] The apparatus having the above arrangement according to this embodiment 

includes a linear-acting vibration suppression unit 50 for applying a control force to the 
structure 6 serving as a vibration suppression object in this case, a vibration detection unit 3 
for detecting the vibrations of the structure 6, a compensation computation section 4 for 
performing appropriate compensation computation processing for a signal corresponding to 
the vibrations of the vibration suppression target on the basis of an output signal from the 
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vibration detection unit 3, a feedforward compensation computation section 5 for performing 
compensation computation processing for the operation state of equipment such as the X-Y 
stage 45 mounted on the vibration isolation base 1 or a signal from the control section of the 
equipment, and the like. 

[0164] As shown in Fig. 2, the linear-acting vibration suppression unit 50 is fixed on 

the structure 6 as the vibration suppression target and is comprised of a linear-acting actuator 
51 for generating a thrust in accordance with a driving signal, an inertial load 52 that is 
connected to the linear-acting actuator 5 1 and moves in a straight direction relative to the 
vibration isolation base 1, a base member 53, a stopper 54 for restricting the operation of the 
inertial load 52 within a predetermined range, a driving circuit 55 for the linear-acting 
actuator 51, and the like. The driving circuit 55 may not be mounted on the semiconductor 
exposure apparatus body such as the structure 6 or vibration isolation base 1 and may be kept 
apart from the linear-acting actuator 51, inertial load 52, and the like. 

[0165] Fig. 3 is a perspective view showing the linear-acting actuator 51, inertial load 

52, and the like. The inertial load 52 is supported by a linear guide, whose detailed 
arrangement is omitted in Fig. 3, and the like^ such that it can move in the direction indicated 
by an arrow A in Fig. 3. The inertial load 52 is driven in the straight direction indicated by 
the arrow A by the thrust generated by the linear-acting actuator 5 1 . The linear-acting 
actuator 51 is comprised of a stator 51a and movable part 51b. The stator 51a is rigidly 
fastened to the vibration suppression target, whereas the movable part 51b is connected to the 
inertial load 52 and configured to be movable in a straight direction relative to the vibration 
suppression target. 
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[0166] As the linear-acting actuator 51, an electromagnetic linear motor can be 

suitably used, which has a coil winding and permanent magnet mounted on the stator 51a and 
movable part 51b, respectively, and generates a thrust in the direction indicated by the arrow 
A in Fig. 3 using the interaction between a current flowing in the coil winding and the 
magnetic field generated by the permanent magnet. The thrust generated by such an 
electromagnetic linear motor can be easily controlled by controlling the current flowing in the 
coil winding by using the driving circuit 55. 

[0167] Obviously, as the linear-acting actuator 51, other various types of actuators can 

be used, e.g., an actuator constituted by a rotating electromagnetic actuator^ such as a DC 
servo motor a and a feed screw mechanism for converting the torque produced by the actuator 
into a thrust in a straight direction and moving to move the inertial load 52 in the straight 
direction. 

[0168] As shown in Fig. 2, this linear-acting actuator 51 is fixed to the structure 6 a as 

the vibration suppression target through the base member 53, and generates a thrust to 
displace the inertial load 52 in the straight direction relative to the structure 6 as the vibration 
suppression target. When a thrust is generated in the linear-acting actuator 51 to displace the 
inertial load 52, a reaction force of the thrust acting on the inertial load 52 acts on the 
vibration suppression target. The vibration suppression apparatus according to this 
embodiment uses this reaction force as a control force for vibration control. That is, this 
vibration suppression apparatus adjusts the driving force generated by the linear- acting 
actuator 5 1 to drive the inertial load 52 so as to control a thrust applied as a reaction force to 
the vibration suppression target. 
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[0169] As For the vibration detection unit 3 for detecting the vibrations of the 

structure 6 as the vibration suppression target, an acceleration sensor, velocity sensor, or the 
like A can be used. 

[0170] In this embodiment, to suppress rotational vibrations like those shown in Fig. 

16, the linear-acting vibration suppression unit 50 is preferably placed to act in the tangential 
direction of the rotational vibration direction at a position as distant as possible from the 
cantilever fulcrum so as to efficiently act in the motion direction of the rotational vibrations. 
Likewise, the vibration detection unit 3 is placed to efficiently detect the rotational vibrations. 
The vibration detection unit 3 is preferably placed near the linear-acting vibration suppression 
unit 50. 

[0171] The operation of the vibration suppression apparatus according to this 

embodiment will be described next with reference to Fig. 8. 

[0172] The apparatus according to this embodiment performs the control operation of 

feeding back, to the linear-acting vibration suppression unit 50, the signal obtained by 
compensating for a signal corresponding to the vibrations of the structure 6 as the vibration 
suppression target by using the vibration detection unit 3 and compensation computation 
section 4, the control operation of feeding forward, to the linear-acting vibration suppression 
unit 50, the operation state of equipment^ such as an X-Y stage 45 mounted on the vibration 
isolation base l a or information from a control section 46 for the equipment by using the 
feedforward compensation computation section 5, and the like. 

[0173] Feedback control operation using the vibration detection unit 3, compensation 

computation section 4, and the like A will be described first. 
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[0174] In the feedback control operation, the vibration detection unit 3 mounted on 

the structure 6 is used to detect vibrations produced in the structure 6 by vibrations 
transmitted from the apparatus mount pedestal or the operation of equipment such as the X-Y 
stage 45 mounted on the vibration isolation base 1, and the compensation computation 
section 4 performs an appropriate compensation computation for the resultant detection 
signal. The linear-acting vibration suppression unit 50 is then driven on the basis of the 
resultant signal to reduce/suppress the vibrations of the structure 6. 
[0175] In order to provide a damping property for the structural vibrations of the 

structure 6, the compensation computation section 4 performs a compensation computation to 
make the linear-acting vibration suppression unit 50 apply a control force proportional to the 
vibration velocity of the structure 6 to the structure 6. When an acceleration sensor is used as 
the vibration detection unit 3 and an electromagnetic motor with a high response property is 
used as the linear-acting actuator 51 of the linear-acting vibration suppression unit 50, the 
compensation computation section 4 may mainly perform an integral compensation 
computation as a compensation computation for a signal corresponding to the vibration 
acceleration of the structure 6 a which is detected by the vibration detection unit 3. Some 
electromagnetic motors exhibit an excellent response property up to a frequency higher than 
the resonance frequency of the structure 6. For this reason, in a frequency region near the 
natural frequency* which requires a damping property, the electromagnetic motor receives a 
driving current command and can instantaneously generate a thrust almost equal to the thrust 
designated by the signal. The compensation computation section 4 may perform integral 
computation for the acceleration signal of the structure 6, detected by the vibration detection 
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unit 3, to obtain a signal proportional to the velocity, and feed back this signal. Obviously, 
according to the same concept concepts as described above, when a velocity sensor is used as 
the vibration detection unit 3, the compensation computation section 4 may perform a 
proportional compensation computation. 

[0176] In this case, the compensation computation section 4 performs a compensation 

computation to provide a damping property for the structural vibrations of the structure 6. 
However, signals associated with acceleration, velocity, and vibration may be properly 
combined or a combination of linear compensation computations other than an integral 
compensation computation and proportional compensation computation may be applied 
together to control the vibrations of the structure 6 to an appropriate state. 
[0177] In general, the structure 6 serving as the vibration suppression target produces 

structural resonance vibrations at a frequency of several ten tens of Hz or more, whereas the 
vibration system constituted by the vibration isolation base 1 , on which the structure 6 is 
fastened and mounted, and the support mechanism 2 has a relatively low natural frequency of 
10 Hz or less. For this reason, if the low-frequency natural vibrations of the vibration system 
constituted by the vibration isolation base 1 and support mechanism 2 are detected by the 
vibration detection unit 3 and input to the control system of the active vibration suppression 
apparatus, the operation stroke of the inertial load 52 mounted on the linear-acting vibration 
suppression unit 50 may be unnecessarily increased due to the influence of the vibrations. 
[0178] In this case, the vibration suppression target is the structural resonance of the 

structure 6. Therefore, the compensation computation section 4 performs computation 
processing to effectively reduce/suppress the vibrations of the structure 6 while suppressing 



-65- 



keeping the operation stroke of the inertial load 52 small by performing, in addition to the 
compensation processing described above, the processing of performing appropriate filter 
processing for an output signal from the vibration detection unit 3 and cutting a natural 
vibration component having a relatively low frequency from the vibration system constituted 
by the vibration isolation base 1 and support mechanism 2 to extract a structural resonance 
component from the structure 6, the processing of providing rigidity to restore the inertial 
load 52 to a predetermined neutral position by using an active means, or the like. As the 
means for providing rigidity to restore the inertial load 52 to the predetermined neutral 
position, a passive element such as a spring mechanism may be used. 

[0179] The compensation computation performed by the compensation computation 

section 4 is not limited to the linear compensation computation described above. Obviously, 
various nonlinear computations, e.g., nonlinear computation processing like that described in 
the first and second embodiments, can be applied in accordance with the application or 
purpose. 

[0180] The feedback control operation of the active vibration suppression apparatus 

according to this embodiment can be implemented by controlling the linear-acting vibration 
suppression unit 50 on the basis of the a signal obtained by the compensation computation 
section 4 for after performing such computation processing. 

[0181] Feedforward control operation using the feedforward compensation 

computation section 5 will be described next. 

[0182] The feedforward compensation computation section 5 serves to generate a 

signal for appropriate vibration control by performing compensation computation for a signal 
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representing the operation state of equipment such as the X-Y stage mounted on the vibration 
isolation base 1 . Feedforward control operation will be described in detail below. 
[0183] Assume that the equipment having a driving means such as the X-Y stage 45 is 

mounted on the vibration isolation base 1, as shown in Fig. 8. This X-Y stage 45 is driven by 
an electromagnetic linear moto^ or the like. The electromagnetic linear motor for driving the 
X-Y stage 45 is driven through by an X-Y stage driving circuit 47 on the basis of a signal 
from the X-Y stage control section 46. 

[0184] The feedforward compensation computation section 5 performs appropriate 

computation processing to make the linear-acting vibration suppression unit 50 effectively 
reduce/suppress vibrations produced in the structure 6 by the drive reaction force of the X-Y 
stage 45 on the basis of a signal from the X-Y stage control section 46 or a signal associated 
with the driven state of the X-Y stage 45. In consideration of the dynamic characteristics 
between the drive reaction force of the X-Y stage 45 and the vibrations produced in the 
structure 6 by the reaction force, the mechanical rigidity between the X-Y stage 45 and the 
structure 6, and the like, the feedforward compensation computation section 5 performs 
compensation processing to generate a signal for canceling the vibrations produced in the 
structure 6 by the operation of the X-Y stage 45. Obviously, this compensation computation 
is not limited to a linear compensation computation, and the nonlinear computation described 
above can be applied as the compensation computation or used together. 
[0185] The feedforward control operation of the active vibration suppression 

apparatus according to this embodiment can be implemented by controlling the linear-acting 
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vibration suppression unit 50 on the basis of the signal obtained by the feedforward 
compensation computation section 5 in this manner. 

[0186] Although feedback control operation and feedforward control operation have 

been separately described, both feedback control operation and feedforward control operation 
can be simultaneously performed by driving the linear- acting vibration suppression unit 50 on 
the basis of the signal obtained by adding the two compensation computation results. 
Obviously, control may be performed by only one of feedback control operation and 
feedforward control operation. 

[0187] In this embodiment, one linear-acting vibration suppression unit 50 is used to 

reduce/suppress the vibrations of the structure 6. However, a plurality of linear-acting 
vibration suppression units, each identical to the one described above, and their control 
systems A may be prepared to obtain a desired vibration suppressing effect. 
[0188] In this embodiment, a cantilever support structure has been described as the 

vibration suppression target. However, the linear-acting vibration suppression unit 50 may be 
mounted on a structure having a vibration mode other than that of the cantilever support 
structure at a position corresponding to an antinode of the vibration mode at which vibrations 
appear most noticeably in order to reduce the vibrations. In this case^ as well, the vibration 
detection unit 3 is preferably placed near the linear-acting vibration suppression unit 50. 
[0189] In the semiconductor exposure apparatus having the above active vibration 

suppression apparatus, since the various structural vibrations of the exposure apparatus, e.g., 
the structural resonance of a cantilever support structure^ such as a mechanical structure as a 
component of the illumination optical system, can be reduced/suppressed, the adverse effect 
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of such vibrations on equipment can be reduced or eliminated. Therefore, a 
high-performance semiconductor exposure apparatus with a high precision and high 
throughput can be realized. 
(Fourth Embodiment) 

[0190] An active vibration suppression apparatus designed to act in the rotational 

motion direction may be suitably used to reduce/suppress vibrations centered on the fulcrum 
of a cantilever support structure, like the vibration suppression target in the third 
embodiment, in the rotational direction. In the fourth embodiment of the present invention, a 
semiconductor exposure apparatus having a structure desired to suppress the vibrations of 
such a structure by using an active vibration suppression apparatus acting in the rotational 
motion direction will be described. 

[0191] This embodiment will be described with reference to Fig. 1 1 . 

[0192] Basically, this embodiment will also be described with reference to the case 

wherein the vibrations of the semiconductor exposure apparatus shown in Fig. 10 are to be 
reduced. Since the same reference numerals as those in Fig. 1 1 denote the same structures 
and functions in the apparatus in Fig. 8, and they operate in the same manner, a detailed 
description thereof will be omitted. In addition, the direction of vibrations to be 
reduced/suppressed is also the same as that in the third embodiment, which is indicated by the 
arrow in Fig. 16. 

[0193] As shown in Fig. 11, the apparatus according to this embodiment has a 

rotational vibration suppression unit 60 instead of the linear-acting vibration suppression unit 
50 described in the third embodiment. In this embodiment, a rotational vibration detection 
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unit 3c for detecting predetermined rotational vibrations of a structure 6 as a vibration 
suppression target is used to detect the vibrations of the structure 6, and a compensation 
computation section 4c is used as a means for performing an appropriate compensation 
computation for a detection signal from the rotational vibration detection unit 3c. A 
feedforward compensation computation section 5c A or the like^ is used as a means for 
performing a compensation computation for a signal representing the operation state of 
equipment such as an X-Y stage 45 mounted on the vibration isolation base 1 . 
[0194] As the rotational vibration detection unit 3c, a unit for extracting a vibration 

component in the rotational direction of the structure 6 by performing a computation on the 
basis of output signals from a plurality of vibration sensors arranged on the structure 6, an 
angular velocity sensor for directly detecting the motion amount of the structure 6 in the 
rotational direction, or the like,, can be used. In the former case, acceleration sensors, velocity 
sensors, or the like A can be used as the vibration sensors. These vibration sensors are arranged 
such that their detection axes are not aligned. A signal corresponding to desired rotational 
vibrations is extracted according to an arithmetic expression on the basis of output signals 
from these vibration sensors. 

[0195] Note that the direction of rotational vibrations to be detected coincides with 

the direction in which a torque is generated by the rotational vibration suppression unit 60, 
i.e., the direction of rotational vibrations to be r e duce/suppressed reduced/suppressed in this 
case. 

[0196] The rotational vibration suppression unit 60 is fixed to the structure 6 and is 

comprised of a rotational actuator 61 for generating a torque in accordance with a driving 
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signal, a flywheel 62 connected to the rotational actuator 61 and serving as an inertial load 
that moves in the rotational direction relative to the structure 6, a driving circuit 63 for the 
rotational actuator 61, and the like. 

[0197] Fig. 13 is a perspective view showing the rotational actuator 61 and flywheel 

62. The flywheel 62 is driven in the rotational direction by the torque generated by the 
rotational actuator 61. The rotational actuator 61 is comprised of a stator and rotator, one of 
which is rigidly fastened to the structure 6, while the flywheel 62 is fastened to the other to be 
movable in the rotational direction relative to the structure 6. The rotational vibration 
suppression unit 60 is preferably placed such that the extension line of its center axis passes 
through the rotation center position of the rotational vibrations of the vibration suppression 
target. 

[0198] As the rotational actuator 61, one of various types of electromagnetic motors, 

e.g., a DC motor, a synchronous AC motor, an induction AC motor, and a swing 
electromagnetic motor^ can be used. Note that these actuators are disclosed in detail in 
"Active Vibration Suppression Apparatus", Japanese Patent Application No. 2000-1 2273 1 A 
and the like. 

[0199] When this rotational actuator 61 is driven, the flywheel 62 is driven in the 

rotational direction by the resultant torque, as indicated by the arrow in Fig. 13. A torque acts 
on the structure 6 in the direction indicated by the arrow in Fig. 1 1 owing to as a result of the 
drive reaction force generated in the rotational direction at this time. The rotational vibration 
suppression unit 60 according to this embodiment controls the torque acting on the structure 6 
by using this reaction torque. 
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[0200] The operation of the apparatus according to this embodiment will be described 

below with reference to Fig. 11. 

[0201] The apparatus according to this embodiment performs the control operation of 

feeding back a compensation signal for the vibrations of the structure 6 to the rotational 
vibration suppression unit 60 by using the rotational vibration detection unit 3c, 
compensation computation section 4c, and the like, and the control operation of feeding 
forward information about the operation state of equipment having a driving means that 
influences the structure 6 to the rotational vibration suppression unit 60 by using the 
feedforward compensation computation section 5c. 

[0202] Feedback control operation using the rotational vibration detection unit 3c and 

compensation computation section 4c will be described first. 

[0203] In this control operation, first of all, rotational vibrations produced in the 

structure 6 by the vibration transmission from the apparatus mount pedestal or the operation 
of equipment such as the X-Y stage 45 mounted on a vibration isolation base 1 are detected 
by using the rotational vibration detection unit 3c. Fig. 1 1 shows a case wherein an angular 
velocity sensor is used as the rotational vibration detection unit 3c. The compensation 
computation section 4c then performs appropriate compensation computation processing on 
the basis of the detection signal obtained by the sensor. 

[0204] When, for example, a damping property is to be provided for the rotational 

vibrations of the structure 6, a computation is performed to apply a torque proportional to the 
angular velocity of the structure 6 to the structure 6. If an angular velocity sensor is used as 
the rotational vibration detection unit 3c and an electromagnetic DC moto^ or the like A having 
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a high response property is used as the rotational actuator 61 of the rotational vibration 
suppression unit 60, this operation can be realized by causing the compensation computation 
section 4c to perform a proportional compensation computation for a signal corresponding to 
desired rotational vibrations. A DC motor can be manufactured to exhibit an excellent 
response property up to a frequency higher than the resonance frequency of the structure 6. 
For this reason, by using such a DC motor, a torque almost equal to the torque designated by 
a current driving command signal can be instantaneously generated in a main control band 
requiring a damping property. If, therefore, the signal obtained by performing gain 
compensation for the detection signal obtained by the angular velocity sensor is input to the 
driving circuit 63 of the rotational vibration suppression unit 60, a damping property can be 
provided to the rotational vibrations of the structure 6. 

[0205] Although a compensation computation in the compensation computation 

section 4c has been described with reference to the case wherein an angular velocity sensor is 
used to provide a damping property to the rotational vibrations of the structure 6, the 
rotational vibrations of the structure 6 may be controlled to a proper state by using a sensor 
other than the angular velocity sensor and a physical quantity and performing an appropriate 
compensation computation in accordance with the application of the detection signal obtained 
by the sensor. A compensation computation may be a nonlinear compensation computation 
or a compensation computation including a nonlinear computation. 

[0206] Operation using the feedforward compensation computation section 5c will be 

described next. 
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[0207] The feedforward compensation computation section 5c performs a 

compensation computation for the operation state of equipment, such as the X-Y stage 45 A 
mounted on the vibration isolation base 1 or a signal from the control section 46 for the X-Y 
stage, thus performing a computation for generating a signal for appropriate vibration control. 
[0208] Assume that equipment having a driving means, e.g., the X-Y stage 45, is 

mounted on the vibration isolation base 1 , as shown in Fig. 1 1 . This X-Y stage 45 is driven 
by an electromagnetic linear motor, or the like. The electromagnetic linear motor for driving 
the X-Y stage 45 is driven on the basis of a signal from an X-Y stage control section 46 
through the X-Y stage driving circuit 47. Since the X-Y stage 45 cannot always be installed 
at the center of gravity of the overall apparatus constituted by the vibration isolation base 1 
and the equipment mounted thereon, its drive reaction force is used to generate torques in 
rotational directions around the horizontal and vertical axes, together with a reaction thrust in 
the translation direction, thus driving the vibration isolation base 1 and structure 6 in the 
rotational direction. To effectively reduce/suppress the rotational vibrations of the structure 6 
caused by suppressing the influence of such torques, the feedforward compensation 
computation section 5c is used to perform appropriate computation processing for a signal 
from the X-Y stage control section 46 or a signal associated with the driven state of the X-Y 
stage 45 so as to drive the rotational vibration suppression unit 60 on the basis of the 
computation result. 

[0209] The feedforward compensation computation section 5c performs a 

compensation computation to generate a signal for canceling vibrations produced in the 
structure 6 by the operation of the X-Y stage 45 in consideration of the dynamic 
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characteristics between the drive reaction force for the X-Y stage 45 and vibrations produced 
in the structure 6 by the drive reaction force and the mechanical rigidity between the X-Y 
stage 45 and the structure 6. Obviously, this compensation computation is not limited to a 
linear compensation computation, and a nonlinear computation can be applied as the 
compensation computation or used together. 

[0210] The feedforward control operation of the active vibration suppression 

apparatus according to this embodiment can be implemented by controlling the rotational 
vibration suppression unit 60 on the basis of the signal obtained by the feedforward 
compensation computation section 5c in this manner. This makes it possible to effectively 
reduce/suppress rotational vibrations in the structure 6 by the operation of the X-Y stage 45. 
[0211] Although feedback control operation and feedforward control operation have 

been separately described, both feedback control operation and feedforward control operation 
can be simultaneously performed by driving the rotational vibration suppression unit 60 on 
the basis of the signal obtained by adding the two compensation computation results. 
Obviously, control may be performed by only one of feedback control operation and 
feedforward control operation. 

[0212] As described in the third embodiment, the rotational vibrations of the structure 

6 can also be reduced/suppressed by using an active vibration suppression apparatus using a 
linear-acting vibration suppression unit. With the active vibration suppression apparatus 
using only one linear-acting vibration suppression unit, however, since not only a moment in 
the rotational motion direction but also a reaction force in the translation direction are 
produced, a sufficient vibration suppressing effect may not be obtained depending on the 
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position where the apparatus is applied. In some cases, two or more linear-acting vibration 
suppression units are required to reduce/suppress rotational vibrations. 
[0213] In contrast to this, according to the apparatus of this embodiment, since the 

rotational vibration suppression unit constituted by the rotational actuator and flywheel is 
used as an apparatus for performing vibration suppressing operation in the rotational motion 
direction, a necessary reaction force, i.e., a necessary torque, can be obtained by using the 
single vibration suppression unit. The mechanism for generating a reaction force against a 
rotational motion mode can be made more compact, and hence a an excellent vibration 
suppressing effect can be obtained even in a precision device with size and weight restrictions 
being imposed on a space where such a ty p e of equipment an apparatus is mounted. 
[0214] The active vibration suppression apparatus according to this embodiment is an 

apparatus for reducing the rotational vibrations of a vibration suppression target. Obviously, 
this operation can improve the vibration suppressing effect by suppressing vibrations in the 
t r anslation translational direction as well as rotational vibrations in cooperation with an active 
vibration suppression apparatus using a linear-acting vibration suppression unit like the one 
described in the third embodiment. 
(Fifth Embodiment) 

[0215] In the fifth embodiment of the present invention, an active vibration 

suppression apparatus is applied to the reduction of the vibrations of a pedestal structure 91 
(shown in Fig. 10), on which the overall semiconductor exposure apparatus^ shown in Fig. 10 
is mounted. 
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[0216] The pedestal structure 91 is basically installed on an apparatus mount pedestal 

100 without the mediacy of a vibration isolation support means, and hence A is directly 
influenced by the vibrations of the apparatus mount pedestal 100. In addition, since the 
pedestal structure 91 is influenced by the its own structural resonance of itself, a level 
adjusting mechanism interposed between the pedestal structure 91 and the apparatus mount 
pedestal 100 to level the apparatus, and the like, resonance vibrations are also produced in the 
pedestal structure 91. 

[0217] The apparatus according to this embodiment has an active vibration 

suppression apparatus mounted on the pedestal structure 9 1 to reduce vibrations of this type, 
thereby decreasing the amount of vibrations transmitted from the apparatus mount pedestal 
100 and pedestal structure 91 to the semiconductor exposure apparatus body through a the 
vibration isolation apparatus 92. 

[0218] Fig. 14 shows an example of the structure of the apparatus according to this 

embodiment. Basically, in this embodiment, an active vibration suppression apparatus is 
applied to a semiconductor exposure apparatus of the same type as that shown in Fig. 10. The 
same reference numerals as in Fig. 10 denote the same functions^ and the like a in Fig. 14, and 
a description thereof will be omitted. 

[0219] In the apparatus according to this embodiment, the linear-acting vibration 

suppression unit 50 and vibration detection unit 3 described in detail in the third embodiment 
are mounted on the pedestal structure 91. This apparatus reduces/suppresses the vibrations of 
the pedestal structure 91 by using a compensation computation section 4 for performing 
compensation computation processing for a signal corresponding to the vibrations of the 
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pedestal structure 91 A which are detected by a vibration detection unit 3, a feedforward 
compensation computation section 5 for performing a compensation computation for based 
on the operation state of a stage apparatus,, such as a wafer stage 94 or reticle stage 95 A or a 
signal from a control section 46b for the stage apparatus, and the like. 

[0220] The operation of the apparatus according to this embodiment will be described 

next. 

[0221] The apparatus according to this embodiment also performs the control 

operation of feeding back the signal obtained by compensating for a signal corresponding to 
the vibrations of the pedestal structure 91 as a vibration suppression target to a linear-acting 
vibration suppression unit 50 by using the vibration detection unit 3 or compensation 
computation section 4, the control operation of feeding forward the operation state of a stage 
apparatus or information from the stage control section 46b as a control section for the stage 
apparatus to the linear- acting vibration suppression unit 50 by using the feedforward 
compensation computation section 5, and the like. 

[0222] Feedback control operation using the vibration detection unit 3, compensation 

computation section 4, and the like a will be described first. The feedback control operation is 
performed to reduce/suppress the vibrations of the pedestal structure 91 by detecting 
vibrations produced in the pedestal structure 91 using the vibration detection unit 3, 
performing an appropriate compensation computation for the resultant detection signal using 
the compensation computation section 4, and driving the linear-acting vibration suppression 
unit 50 on the basis of the resultant signal. 



-78- 



[0223] The compensation computation section 4 performs each compensation 

computation corresponding to a purpose to reduce/suppress the vibrations of the pedestal 
structure 91 . When, for example, a damping property is provided to the structural resonance 
of the pedestal structure 91, a compensation computation is performed to apply a control 
force corresponding to the vibration velocity of the pedestal structure 91. Since the specific 
contents of a compensation computation to be performed in this case are the same as those in 
the third embodiment, a description thereof will be omitted. 

[0224] Sky-hook spring control can be effectively applied to the apparatus according 

to this embodiment aimed at reducing/suppressing the vibrations of the pedestal structure 91 
so as to increase the rigidity with respect to a spatial absolute stationary coordinate system by 
applying a control force proportional to the absolute displacement of the vibrations of the 
pedestal structure 91 to it. When an acceleration sensor is used as the vibration detection unit 
3 and an electromagnetic motor having a high response property is used as an linear-acting 
actuator 51 of the linear-acting vibration suppression unit 50, this control can be implemented 
by making the compensation computation section 4 perform a compensation computation 
mainly including a double integral compensation computation for a signal corresponding to 
the vibration acceleration of the pedestal structure 91 A which is detected by the vibration 
detection unit 3. According to such sky-hook spring control, vibration components other than 
those having the structural resonance frequency of the pedestal structure 91 can be 
reduced/suppressed. 

[0225] Obviously, a compensation computation other than the above compensation 

computation, including nonlinear compensation, may be applied or used together by 
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appropriately combining and using various signals such as an acceleration signal and velocity 
signal associated with vibrations, thereby controlling the vibrations of the pedestal structure 
91 to an appropriate state. 

[0226] In the apparatus according to this embodiment, as well, the compensation 

computation section 4 can also extract a frequency component to be controlled by performing 
appropriate filter processing for an output signal from the vibration detection unit 3 in 
addition to the compensation computation processing described above, or can perform 
processing such as providing rigidity to restore an inertial load 52 to a predetermined neutral 
position by using an active means. 

[0227] The feedback control operation of the active vibration suppression apparatus 

according to this embodiment is implemented by controlling the linear-acting vibration 
suppression unit 50 on the basis of the signal obtained by the compensation computation 
section 4 that performs such a compensation computation. 

[0228] Feedforward control operation using the feedforward compensation 

computation section 5 will be described next. 

[0229] The feedforward compensation computation section 5 in this embodiment 

performs appropriate computation processing to make the linear-acting vibration suppression 
unit 50 effectively reduce/suppress vibrations produced in the pedestal structure 91 on the 
basis of a signal from the stage control section 46b or a signal associated with the driven state 
of a stage apparatus^ such as the wafer stage 94 or reticle stage 95. The feedforward 
compensation computation section 5 performs compensation to generate a signal for 
canceling vibrations produced in the pedestal structure 91 by the operation of a stage 
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apparatus in consideration of the dynamic characteristics between the drive reaction force for 
the stage apparatus and vibrations produced in the pedestal structure 91 when the drive 
reaction force is transmitted through the vibration isolation apparatus 92, the mechanical 
rigidity between the stage apparatus and the pedestal structure 91, and the like. Obviously, 
this compensation computation is not limited to a linear compensation computation, and a 
nonlinear computation can be applied as the compensation computation or used together. 
[0230] The feedforward control operation of the active vibration suppression 

apparatus according to this embodiment is implemented by controlling the linear-acting 
vibration suppression unit 50 on the basis of the signal obtained by the feedforward 
compensation computation section 5 in this manner. 

[0231] Although feedback control operation and feedforward control operation have 

been separately described, both feedback control operation and feedforward control operation 
can be simultaneously performed by driving the linear- acting vibration suppression unit 50 on 
the basis of the signal obtained by adding the two compensation computation results. 
Obviously, control may be performed by only one of the feedback control operation and 
feedforward control operation. 

[0232] In the apparatus according to this embodiment, since the vibrations of the 

pedestal structure 91 are reduced by the active vibration suppression apparatus, the amount of 
vibrations transmitted from the apparatus mount pedestal 100 or pedestal structure 91 to the 
apparatus body through the vibration isolation apparatus 92 is suppressed to be low. As a 
consequence, this operation can contribute to the reduction/suppression of vibrations 
produced in the semiconductor exposure apparatus body. 
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[0233] As a method of reducing the amount of vibrations transmitted from the 

apparatus mount pedestal 100 or pedestal structure 91 to the apparatus body, a method of 
detecting the vibrations of the apparatus mount pedestal 100 or pedestal structure 91 by using 
a sensor, when an active vibration suppression apparatus is used as the vibration isolation 
apparatus 92, and controlling the active vibration suppression apparatus on the basis of the 
resultant compensation signal has been proposed/developed. This control arrangement 
corresponds to a form of feedforward control. In this case, a signal to be fed forward is a 
detection signal representing the vibrations of the apparatus mount pedestal, which is 
generated by a mechanism including many uncertainties. For this reason, control operation 
may become uncertain. This is a weak point in terms of the reliability of control operation. 
In feedforward control, any inappropriate signal to be fed forward simply becomes a 
disturbance. 

[0234] The method described in this embodiment can obtain the same control effect 

as this type of feedforward control because the vibrations of the structure on the apparatus 
mount pedestal side are reduced. In addition, since control system operation is performed by 
feedback control on the vibrations of the pedestal structure 91 or feedforward control based 
on an operation signal from a stage apparatus that performs definite operation, uncertainties 
in the control operation are few as compared with feedforward control on the vibrations of the 
apparatus mount pedestal. Therefore, a desired vibration reducing/suppressing effect can be 
obtained by and more re liably reliable operation can be achieved . 
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<Embodiment of A Semiconductor Production System> 

[0235] A production system for a semiconductor device ( e.g., a semiconductor chip A 

such as an IC or LSI, a liquid crystal panel, a CCD, a thin-film magnetic head, micromachine, 
or the like) will be exemplified. A trouble remedy or periodic maintenance of a 
manufacturing apparatus installed in a semiconductor manufacturing factory, or maintenance 
service such as software distribution is performed by using a computer network outside the 
manufacturing factory. 

[0236] Fig. 19 shows the overall system cut out at a given angle. In Fig. 19, reference 

numeral 101 denotes a business office of a vendor (apparatus supply manufacturer^ which 
provides a semiconductor device manufacturing apparatus. Assumed examples of the 
manufacturing apparatus are semiconductor manufacturing apparatuses for performing 
various processes used in a semiconductor manufacturing factory, such as pre-process 
apparatuses ( e.g., lithography apparatus,, including an exposure apparatus, a resist processing 
apparatus, and or etching apparatus, an annealing apparatus, a film formation apparatus, a 
planarization apparatus, and the like) and post-process apparatuses ( e.g.. an assembly 
apparatus, an inspection apparatus, and the like). The business office 101 comprises a host 
management system 108 for providing a maintenance database for the manufacturing 
apparatus, a plurality of operation terminal computers 110, and a LAN (Local Area Network) 
109 a which connects the host management system 108 and computers 1 10 to build an intranet. 
The host management system 108 has a gateway for connecting the LAN 109 to Internet 105 
as an external network of the business office, and a security function for limiting external 
accesses. 
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[0237] Reference numerals 102 to 104 denote manufacturing factories of the 

semiconductor manufacturer as users of manufacturing apparatuses. The manufacturing 
factories 102 to 104 may belong to different manufacturers or the same manufacturer ( e.g., a 
pre-process factory, a post-process factory, and the like). Each of the factories 102 to 104 is 
equipped with a plurality of manufacturing apparatuses 106, a LAN (Local Area Network) 
1 1 l a which connects these apparatuses 106 to construct an intranet, and a host management 
system 107 serving as a monitoring apparatus for monitoring the operation status of each 
manufacturing apparatus 106. The host management system 107 in each of the factories 102 
to 104 has a gateway for connecting the LAN 1 1 1 in the factory to the Internet 105 as an 
external network of the factory. Each factory can access the host management system 108 of 
the vendor 101 from the LAN 111 via the Internet 105. The security function of the host 
management system 108 authorizes access of to only a limited group of users user. More 
specifically, the factory notifies the vendor via the Internet 105 of status information (e.g., the 
symptom of a manufacturing apparatus in trouble) representing the operation status of each 
manufacturing apparatus 106, and receives response information (e.g., information 
designating a remedy against the trouble, or remedy software or data) corresponding to the 
notification, or maintenance information such as the latest software or help information. Data 
communication between the factories 102 to 104 and the vendor 101 and data communication 
via the LAN 1 1 1 in each factory adopt a communication protocol (TCP/IP) generally used in 
the Internet. Instead of using the Internet as an external network of the factory, a dedicated 
network (e.g., an ISDN) having high security which inhibits access of a third party a can be 
adopted. AlsOi the user may construct a database in addition to the one provided by the 
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vendor and set the database on an external network, and the host management system may 
authorize access to the database from a plurality of user factories. 
[0238] Fig. 20 is a view showing the concept of the overall system of this 

embodiment that is viewed at a different angle from Fig. 19. In the above example, a 
plurality of user factories having manufacturing apparatuses and the management system of 
the manufacturing apparatus vendor are connected via an external network, and production 
management of each factory or information of at least one manufacturing apparatus is 
communicated via the external network. In the example of Fig. 20, a factory having 
manufacturing apparatuses of a plurality of vendors and the management systems of the 
vendors for these manufacturing apparatuses are connected via the external network of the 
factory, and maintenance information of each manufacturing apparatus is communicated. In 
Fig. 20, reference numeral 201 denotes a manufacturing factory of a manufacturing apparatus 
user (semiconductor device manufacturer) where manufacturing apparatuses for performing 
various processes, e.g., an exposure apparatus 202, a resist processing apparatus 203, and a 
film formation apparatus 204 are installed in the manufacturing line of the factory. Fig. 20 
shows only one manufacturing factory 201, but a plurality of factories are networked in 
practice. The respective apparatuses in the factory are connected to a LAN 206 to build an 
intranet, and a host management system 205 manages the operation of the manufacturing line. 
[0239] The business offices of vendors (apparatus supply manufacturers^ such as an 

exposure apparatus manufacturer 210, a resist processing apparatus manufacturer 220, and a 
film formation apparatus manufacturer 230,, comprise host management systems 21 1, 221, 
and 23 1 for executing remote maintenance for the supplied apparatuses. Each host 
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management system has a maintenance database and a gateway for an external network, as 
described above. The host management system 205 for managing the apparatuses in the 
manufacturing factory of the user, and the management systems 21 1, 221, and 231 of the 
vendors for the respective apparatuses are connected via the Internet or dedicated network 
serving as an external network 200. If a trouble occurs in any one of a series of 
manufacturing apparatuses along the manufacturing line in this system, the operation of the 
manufacturing line stops. This trouble can be quickly solved by remote maintenance from the 
vendor of the apparatus in trouble via the Internet 200. This can minimize the stop stoppage 
of the manufacturing line. 

[0240] Each manufacturing apparatus in the semiconductor manufacturing factory 

comprises a display, a network interface, and a computer for executing network access 
software and apparatus operating software^ which are stored in a storage device. The storage 
device is a built-in memory, a hard disk, or a network file server. The network access 
software includes a dedicated or general-purpose web browser, and provides a user interface 
having a window as shown in Fig. 21 on the display. While referring to this window, the 
operator who manages manufacturing apparatuses in each factory inputs, in input items on the 
windows, pieces of information such as the type of manufacturing apparatus 401, serial 
number 402, name of trouble 403, occurrence date 404, degree of urgency 405, symptom 406, 
remedy 407, and progress 408. The pieces of input information are transmitted to the 
maintenance database via the Internet, and appropriate maintenance information is sent back 
from the maintenance database and displayed on the display. The user interface provided by 
the web browser realizes hyperlink functions 410 to 412, as shown in Fig. 21. This allows the 
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operator in the factory to access detailed information of each item, receive the latest-version 
software to be used for a manufacturing apparatus from a software library provided by a 
vendor, and receive an operation guide (help information) as a reference for the operator. 
Maintenance information provided by the maintenance database also includes information 
concerning the step driving profile of the projection exposure apparatus according to the 
present invention described above. The software library also provides the latest software for 
setting the step driving profile. 

[0241] A semiconductor device manufacturing process using the above-described 

production system will be explained. Fig. 22 shows the flow of the whole manufacturing 
process of the semiconductor device. In step 1 (circuit design), a semiconductor device 
circuit is designed. In step 2 (mask formation), a mask having the designed circuit pattern is 
formed. In step 3 (wafer manufacture), a wafer is manufactured by using a material such as 
silicon. In step 4 (wafer process)* called a pre-process, an actual circuit is formed on the 
wafer by lithography using a the prepared mask and the wafer. Step 5 (assembly)* called a 
post-process* is the step of forming a semiconductor chip by using the wafer manufactured in 
step 4, and includes an assembly process (dicing and bonding) and a packaging process (chip 
encapsulation). In step 6 (inspection), inspections such as the operation confirmation test and 
durability test of the semiconductor device manufactured in step 5* are conducted. After 
these steps, the semiconductor device is completed and shipped (step 7). For example, the 
pre-process and post-process are performed in separate* dedicated factories, and maintenance 
is done for each of the factories by the above-described remote maintenance system. 
Information for production management and apparatus maintenance is communicated 
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between the pre-process factory and the post-process factory via the Internet or dedicated 
network. 

[0242] Fig. 23 shows the detailed flow of the wafer process. In step 1 1 (oxidation), 

the wafer surface is oxidized. In step 12 (CVD), an insulating film is formed on the wafer 
surface. In step 13 (electrode formation), an electrode is formed on the wafer by vapor 
deposition. In step 14 (ion implantation), ions are implanted in the wafer. In step 15 (resist 
processing), a photosensitive agent is applied to the wafer. In step 16 (exposure), the 
exposure apparatus of the present invention described above exposes the wafer to the circuit 
pattern of a mask. In step 17 (developing), the exposed wafer is developed. In step 18 
(etching), the resist is etched except for the developed resist image. In step 19 (resist 
removal), an unnecessary resist after etching is removed. These steps are repeated to form 
multiple circuit patterns on the wafer. A manufacturing apparatus used in each step 
undergoes maintenance by the remote maintenance system, which prevents a trouble in 
advance. Even if a trouble occurs, the manufacturing apparatus can be quickly recovered. 
The productivity of the semiconductor device can be increased in comparison with the prior 
art. 

[0243] As has been described above, the active vibration suppression apparatus 

according to the present invention reduces/suppresses the vibrations of a vibration 
suppression target by using a vibration suppression unit using a reaction force generated when 
an inertial load is driven as a control force. That is, since the vibrations of the vibration 
suppression target are reduced without generating any unnecessary force outside the 
apparatus, no vibrations are produced in the apparatus mount pedestal or a peripheral 
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environment by the reaction force of a force for reducing/suppressing vibrations. In addition, 
this apparatus is configured to obtain a force acting on a vibration suppression target by the 
drive reaction force of an inertial load in the control unit instead of generating it between 
external equipment and the vibration suppression target. If, therefore, a vibration suppression 
apparatus can be manufactured into an appropriate shape, a vibration reducing effect can be 
obtained by installing the vibration suppression apparatus in a place where a dashpot that has 
been used to reduce the structural resonance of equipment or a reinforcing member for 
ensuring rigidity cannot be mounted. 

[0244] In addition, the active vibration suppression apparatus according to the present 

invention compensates for a detection signal representing the vibrations of a vibration 
suppression target, the operation state of equipment having a driving means^ such as an X-Y 
stage a which may become a vibration source of the vibration suppression target, or a signal 
from a control section for the equipment by computation processing i including a nonlinear 
computation, and drives the vibration suppression unit on the basis of the resultant signal, 
thereby reducing/suppressing the vibrations of the vibration suppression target. Therefore, 
high vibration suppression performance can be ensured by a relatively high control gain with 
respect to vibrations that can be handled by a control force with which the operation of an 
inertial load in the vibration suppression unit falls within the allowable stroke range with a 
sufficient margin. If large vibrations are produced that make the inertial load undergo a 
stroke over, control operation, e.g., ensuring stable operation by suppressing a control signal 
to prevent the stroke over of the inertial load, can be performed. That is, even if severe 
restrictions are imposed on the movable stroke of an inertial load mass, and the like, both a 
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vibration suppressing effect and stable operation upon inputting of large vibrations can be 
realized. Therefore, the maximum vibration suppression performance under the restrictions 
can be obtained. 

[0245] The semiconductor exposure apparatus according to the present invention 

includes the active vibration suppression apparatus for reducing/suppressing the vibrations of 
a vibration suppression target by using the control unit which uses a reaction force generated 
when an inertial load is driven as a control force. With this arrangement, various types of 
structural vibrations can be reduced/suppressed, which cannot be handled by a conventional 
vibration isolation apparatus a based on the vibration isolation leg scheme. As a consequence, 
excellent exposure performance can be realized. 

[0246] According to another aspect of the apparatus of the present invention, the vibrations 
of a pedestal structure serving as a pedestal when an exposure apparatus is installed on an 
apparatus mount pedestal are reduced/suppressed by using an active vibration suppression 
apparatus. This operation is equivalent to the reduction of the vibrations of the apparatus 
mount pedestal themselves. This makes it possible to reduce/suppress the amount of 
vibrations transmitted from the apparatus mount pedestal to the exposure apparatus through 
the vibration isolation apparatus, thus contributing to an improvement in the exposure 
performance of the apparatus. This apparatus and method take feedback control or 
feedforward control based on an operation signal from a stage apparatus that performs 
definite operation instead of feedforward control based on a signal generated by a mechanism 
with many uncertainties, such as feedforward control on the vibrations of the apparatus mount 
pedestal which is implemented by using the conventional active vibration isolation 
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apparatus. Therefore, this apparatus and method can realize vibration suppressing operation 
with high reliability. 

[0247] As many appar e ntly widely different embodiments of the present invention can 

be made without departing from the spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof, except as defined in the claims. 
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ABSTRACT OF THE DISCLOSURE 
An active vibration suppression apparatus includes an actuator fixed to a vibration 
suppression target, an inertial load driven relative to the target by the actuator, and a driving 
system which drives the actuator based on a first signal corresponding to the vibration, 
generated or to be generated, of the target. The driving system includes a compensation unit 
which performs a compensation for the first signal. The compensation, separately or as a 
composite compensation includes (i) a linear compensation for the first signal to obtain a 
first compensated signal, and (ii) a nonlinear compensation for the first compensated signal 
to obtain a second compensated signal. A rate of a change in the second compensated signal 
to a change in an absolute value of the first compensated signal becoming less with an 
increase of the absolute value. 
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